From: Greg Loarie

To: Kate Bouve/DC/USEPA/US@EPA
Subject: RE: Telephone conversation

Date: 01/14/2013 12:16 PM
Attachments: 2005 memo Shelaren to Cortzez.pdf

CDFG_1999 TableCAWildlifeSubmittedForAnalysis1994-1999.pdf
CDFG_2000_TableCAWildlifeSubmittedForAnalysis1994-2000--PRA.PDF
CDFG_2003 TableCAWildlifeSubmittedForAnalysis1994-2003.pdf
Lima, L. L., and T. P. Salmon. 2012.pdf

Riley, S..pdf

WildCare-PRA.PDF

CDFG_2012a_ExcelDatabase.pdf

CDFG_2012b_ExcelDatabase.pdf

draft data analysis memo 9-19-12.pdf

Hello again,

| received late Friday CDPR’s response to my request for (1) the “2005 memo,” later withdrawn, in
which CDPR recommended restricting SGARs to indoor use, (2) the poisoning incident data
currently under review by CDPR, and (3) the draft “data analysis memo” currently out for peer
review by UC scientists. All these docs are attached FYI. The conclusion of the data analysis memo
is notable:

Based on the data above, DPR finds that use of two of the four second generation
anticoagulant

rodenticides--brodifacoum and bromadiolone-- present a hazard related to persistent residues
in

target animals resulting in impacts to non-target wildlife. Because they are similar in half-life
and toxicity, DPR also find that if the use of difethialone and difenacoum were to increase,
rodenticides containing those two second generation anticoagulant rodenticides may also
present

a hazard related to persistent residues in target animals.

Best,

Greg

From: Greg Loarie

Sent: Wednesday, January 09, 2013 1:31 PM
To: Bouve.Kate@epamail.epa.gov

Subject: RE: Telephone conversation

Hello Kate,

It was good to speak with you today. Pasted below is Susan’s contact information. I'm also
attaching CDFG’s most recent letter to CDPR re: second-generation anticoagulants.

Susan E. Kegley, Ph.D., Principal and CEO Pesticide Research Institute
1400 Shattuck Ave, #8

Berkeley, CA 94709

Phone: (510) 705-1874


mailto:gloarie@earthjustice.org
mailto:Kate Bouve/DC/USEPA/US@EPA

@]pr Department of Pesticide Regulation

Mary-Ann Warmerdam

re \ Director MEM O RA N DUM Arnold Sé::‘gfzsnegger
TO: Barry Cortez, Chief
FROM: Jon Shelgren, Sr. Environmental Research Scientist
DATE: October 20, 2005

SUBJECT: BRODIFACOUM AND WILDLIFE LOSSES: HISTORY, WILDLIFE
IMPACTS AND REGULATORY OPTIONS

Anticoagulant rodenticides containing the active ingredient brodifacoum were developed in 1975
(Hadler and Shadbolt) for use against warfarin-resistant rodents. Many brodifacoum
rodenticides are marketed under the brand name “D-Con Rat Bait.”

Rodent resistance to the “1% generation” anticoagulant rodenticides (e.g. warfarin, fumarin,
pival, diphacinone, chlorophacinone, etc) was discovered in 1958. The U.S. Environmental
Protection Agency (U.S. EPA) registered the first four products containing brodifacoum on
November 2, 1979, and the first California registration of brodifacoum (two products) followed
on July 14, 1980. Brodifacoum, along with two other closely related active ingredients,
bromadiolone and difethialone, are classified as “2™ generation” anticoagulant rodenticides.

The most 51gn1ﬁcant differences between the 1% and 2™ generation antlcoagulant rodenticides are
that the 2™ generation rodenticides are hydrophobic, lipophilic and the target rodent can receive
a delayed lethal dose with the first feeding. Even though the rodent has ingested a lethal dose of
the bait, death usually takes four to eight days to occur. This delay in lethality allows the rodent
the opportunity to ingest more of the toxic bait, resulting in the rodent receiving multiple lethal
doses. At the time of death, the rodent may have a significant “body burden” of these persistent
pesticides. Residues of the rodenticide are found in the liver, muscle and gastro-intestinal tract
of rodents. In contrast, rodents ingesting any of the 1% generation anticoagulant rodenticides
must consume the bait for a number of days in order to receive a lethal amount (4-5 days). Asa
result, a short or interrupted exposure period or alternate food source, may allow the animal to
survive and the pesticide residues in the rodent to dissipate. “The persistence and potency of the
second-generation anticoagulants means that the risk of primary and secondary poisoning by
these toxins is greater than that assoc1ated with the first-generation anticoagulants.” (Eason, C.T.,
1995).

Secondary poisoning, (e.g. the ingestion by a predator or scavenger of the original animal
poisoned [primary poisoning] and dying as a result) is well known with several rodenticides and
some insecticides. Animals so poisoned are called “non-target” animals, as are those animals
that accidentally consume bait intended for the pest species.

‘ Brodifacoum has been implicated in wildlife losses in several countries where it has been used
) for rodent control in both agricultural settings and urban dwellings. In California, it is used
exclusively for urban rodent species with no agricultural uses allowed on the product label.
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California and New York have reported the most significant non-target losses from this
rodenticide including threatened and endangered birds and mammals (Golden Eagles and San
Joaquin Kit Foxes). The California Department of Fish and Game, Pesticide Investigations Unit
and the New York State Department of Environmental Conservation, Division of Fish, Wildlife
and Marine Resources have documented these incidents.

As a result of the wildlife incidents in California, on July 13,1999, the Pesticide Investigations
Unit of the California Department of Fish and Game requested that the California Department of
Pesticide Regulation place pesticide products containing brodifacoum into reevaluation.

Brodifacoum was also included in the July 1998 U.S. EPA Reregistration Eligibility Decision
(RED) document along with five other currently registered rodenticides. Following the issuance
of this document, the Rodenticide Registrants Task Force (RRTF) was formed in 1999 as a
liaison between ten rodenticide manufacturers and the U.S. EPA. As of this writing, U.S. EPA
has taken no action to restrict the use of brodifacoum. Rodenticides containing brodifacoum are
considered “general use” products. Brodifacoum is not a “restricted material,” and therefore, can
be purchased by the general public at numerous retail and wholesale stores. It is very popular
with the pest control industry because it is very effective on rats and mice and usually works
with one application. : '

In New Zealand, brodifacoum has been applied extensively in wide-scale field use for the control
of Brushtail possums and rodents. This contrasts with the urban/home use of brodifacoum in
California. In New Zealand, feral pigs and deer were analyzed for brodifacoum residues in areas
of toxic bait use and the results revealed risks of secondary poisoning to humans consuming
these game animals. As a result, New Zealand prohibited field use of brodifacoum in that
country. Acutely toxic, but not persistent, rodenticides, such as Compound 1080 and strychnine,
have been substituted in New Zealand for the control of possums and rodents.

The United Kingdom has also documented extensive loss of non-target animals associated with
the use of brodifacoum. The United Kingdom recently restricted the use of products containing
brodifacoum by limiting use sites on the product label. Product labels used to allow use “in and
around homes, industrial, commercial, agricultural and public buildings” and “in and around
transport vehicles (ships, trains, aircraft) and related port or terminal buildings.” Brodifacoum
labels have been amended to only allow the use of brodifacoum indoors in houses, sheds, farm
buildings, etc. This change in use sites is reported to have significantly reduced the numbers of
non-target animals adversely affected by primary and/or secondary poisoning of brodifacoum.
(A. Jones, pers. com. ). The California Department of Fish and Game recommended the same
restriction in a letter dated June 12, 2003.

Regulatory actions in California could range from canceling registrations of pesticide products
containing brodifacoum to restricting the use of such products to indoor use only. One
suggestion has been to restrict the use of brodifacoum to licensed Pest Control Operators who
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would be responsible for each bait placement and to adhere to label directions. Another option
would be to make brodifacoum a “Restricted Material.” As a restricted material, brodifacoum
applicators would be required to obtain a permit from the County Agricultural Commissioner
before they could purchase or use the bait. One author of a scientific paper states “In both
laboratory and field studies, reducing the amount of active ingredient from 50 ppm to 10 ppm
significantly reduced the whole body residues in target animals (voles). A six fold reduction in
these residues brings most target animal residues below scavenger LDs, values.” Most
importantly, this option would depend on maintaining the efficacy of this rodenticide on rats and
mice. Charles T. Eason states “Equally, consideration should be given to banning or restricting
the use of second generation anticoagulants where their use is not warranted (e.g. in areas where
there is no resistance to first generation anticoagulants).”

Brodifacoum is more acutely toxic to test species (7 out of 8 tests) than bromadialone, while
difethialone shows a similar acute toxicity in most tests. All three are capable of causing
secondary toxicity due to their build up and persistence in the target animal. Currently,
rodenticides containing difethialone and bromadialone are used far less than rodenticides
containing brodifacoum. However, given that they are all 2™ generation rodenticides, there is
concern that any restrictions on the use of brodifacoum will result in an increase in the use of
difethialone and bromadialone. This may result in increased non-target deaths due to
difethialone and bromadialone.

Alternative rodenticides to brodifacoum, difethialone, and bromadialone are available for use in
California, including diphacinone, chlorophacinone, pival, warfarin, fumarin, non-anticoagulants
cholecalciferol and bromethalin, and the Restricted Use active ingredient zinc phosphide.

Recommendation:

Restrict the use of rodenticide baits containing brodifacoum, difethialone and bromadialone to
“indoor structural use only,” and prohibit use of the rodenticides outside homes, industrial,
commercial, agricultural and public buildings and around transport vehicles (ships, trains,
aircraft) and related port or terminal buildings. In addition, for the protection of children and
pets, the rodenticides should be limited to indoor use in tamper- proof bait boxes.

If restricting the use of brodifacoum, difethialone and bromadialone to indoor use only is
ineffective in reducing non-target wildlife losses, then consider designating all three active
ingredients “Restricted Materials.”

‘ U/Wcjwffv ﬂ o Lider ﬂ% 2005"
John Shelgren /4 Date
Sr. Environmental Research Scientist
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Anti-Coagulant Test Results

LI

Date Revd., WidCare A ﬁnti—CoaguIant §creen, Key: ND_: Not Detected, o
CAHFS/ Species ( PID# Location found nalyte Results in ppm << = Less than reporting limit
IDEXX Patient # Intake Brodifacoum Bromadiolone [Chlorophacinone |Coumachlor Difethialone Diphacinone Warfarin
Rep. limit=0.01 [Rep. limit=0.05 |Rep. limit=0.25 Rep. limit=0.05 Rep. limit 0.25 [Rep. limit=0.25 |Rep. limit=0.05
9/20/2011|American Crow 1370 0074786 Napa Agonal 0.13 ND ND ND ND ND ND
8/25/2011|Grey Fox 1292 0074482 Novato HBC? 0.060 0.57 ND ND ND Trace ND
8/3/2011|Screech Owl 1161 0074145 Napa Injured Trace ND ND ND ND ND ND
7/19/2011|Cooper's Hawk 1064 0073972 Berkeley Grounded 0.31 ND ND ND ND Trace ND
7/15/2011|Barn Owl 1038 0073900 Larkspur Grounded 0.42 Trace ND ND ND ND ND
6/14/2011|Skunk 0785 0073254 Woodacre Sick Trace ND ND ND ND ND ND
6/14/2011|Skunk 0556 0072684 San Francisco Sick Trace Trace ND ND ND ND ND
5/10/2011|Great Horned Owl 0467 0072520 San Rafael DOA Trace Trace ND ND ND ND ND
5/9/2011|Skunk 0466 0072513 Novato Crashed 0.2 ND ND ND ND ND ND
4/27/2011|Barn Owl 0367 0072345 Novato DOA 0.040 Trace ND ND ND ND ND
3/11/2011|Spotted Owl 0154 0071997 Ross Grounded Trace ND ND ND ND ND ND
2/22/2011|Skunk 0115 0071920 |San Leandro HBC 0.73 0.38 ND ND ND ND ND
2/1/2011|Grey Fox 0070 0071854 Pinole Sick 0.080 Trace ND ND Trace ND ND
1/5/2011|Turkey Vulture 0005 0071715 |Lagunitas Grounded 0.070 Trace ND ND ND ND ND
12/8/2010|Raccoon 1602 0071627  |San Rafael Sick 0.030 Trace ND ND ND ND ND
12/2/2010[{Opossum 1584 0071579 Point Richmond [Approachable 0.41 Trace ND ND ND ND ND
6/11/2010|Red Tail Hawk 0706 0069476  |San Rafael Grounded 0.170 << << << << << <<
6/9/2009|Gray Fox 0730 0066043  |Petaluma Orphaned 0.002 << << << << << <<
2/12/2009|0possum 0076 Unknown |Unknown Unknown 0.216 << << << << << <<
1/31/2009(Barn Owl 0050 0064641 San Rafael Grounded 0.079 << << << << << <<
10/21/2008|Great Horned Owl 1654 0064213 Mill Valley Poisoned 0.128 << << << << << <<
10/7/2008|Red Shouldered Hawk |1601 Unknown |San Rafael Grounded 0.218 << << << << << <<
7/7/2007|Cooper's Hawk Unknown [Unknown |Unknown Unknown 0.003 << << << << << <<
3/24/2007|Red Shouldered Hawk |Unknown |Unknown [Unknown Unknown 0.047 << << << << << <<
3/10/2007|Barn Owl Unknown [Unknown |Unknown Unknown 0.040 << << << << << <<
12/3/2006 [Red Tail Hawk 1588 Unknown |Novato? Injured 0.041 << << << << << <<
November 2011
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Anti-Coagulant Test Results

wild

Date Revd., WidCare S 2nti-CoaguIant $creen, Key: ND_: Not Detected, o
CAHFS/ Species ( PID# Location found nalyte Results in ppm << = Less than reporting limit
IDEXX Patient # Intake Brodifacoum Bromadiolone [Chlorophacinone |Coumachlor Difethialone Diphacinone Warfarin
Rep. limit=0.01 [Rep. limit=0.05 |Rep. limit=0.25 Rep. limit=0.05 Rep. limit 0.25 [Rep. limit=0.25 |Rep. limit=0.05
Negative Negative Negative  Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative
8/23/2011|Great Horned Owl 1174 0074229 Nicasio FFN ND ND ND ND ND ND ND
10/11/2011|Turkey Vulture 1535 0074934 Napa HBC ND ND ND ND ND ND ND
10/11/2011|Great Horned Owl 1486 0074818 Novato Hit structure ND ND ND ND ND ND ND
10/3/2011|Barn Owl 1510 0074856 Unknown Poisoned? ND ND ND ND ND ND ND
8/10/2011|Badger 1207 0074181 Petaluma HBC? ND ND ND ND ND ND ND
7/5/2011|Golden Eagle 0944 0073671 Brentwood Injured ND ND ND ND ND ND ND
7/5/2011|Red Tail Hawk 0941 0073634 Napa Transfer ND ND ND ND ND ND ND
6/24/2011|Black Crowned Night He{0878 0073514 San Rafael Fishhook ND ND ND ND ND ND ND
6/24/2011|Red Tail Hawk 0856 0073430 Sonoma FFN ND ND ND ND ND ND ND
6/24/2011|Red Tail Hawk 0855 0073430 Sonoma FFN ND ND ND ND ND ND ND
6/24/2011|Red Tail Hawk 0854 0073429 |Sonoma FFN ND ND ND ND ND ND ND
6/16/2011|Red Tail Hawk 0659 0072977 |Napa HBC ND ND ND ND ND ND ND
6/14/2011|Barn Owl 0800 0073256  [San Rafael Poisoned? ND ND ND ND ND ND ND
6/14/2011|Canada Goose 0784 0073253 Larkspur Sick ND ND ND ND ND ND ND
6/7/2011|Barn Owl 0667 0073038 San Rafael Sick ND ND ND ND ND ND ND
5/9/2011(Rat 0479 0072544 San Rafael Agonal ND ND ND ND ND ND ND
4/8/2011|Rat 0297 0072223 San Rafael CB Hawk ND ND ND ND ND ND ND
3/16/2011|Spotted Owl 0176 0072047 |Woodacre Unknown ND ND ND ND ND ND ND
3/4/2011|Red Tail Hawk 0150 0071988 Sonoma Grounded ND ND ND ND ND ND ND
2/18/2011|Barn Owl 0106 0071906 Napa Injured ND ND ND ND ND ND ND
2/18/2011|Barn Owl 0097 0071891 Novato HBC ND ND ND ND ND ND ND
11/10/2010(Gull 1515 007143 Stinson Beach Beached ND ND ND ND ND ND ND
11/10/2010(Western Gull 1515 007143 Stinson Beach Beached ND ND ND ND ND ND ND
9/30/2010|Barn Owl 1369 0071139 Napa Attacked ND ND ND ND ND ND ND
9/30/2010|Barn Owl 1368 0071140 ([Napa Approachable ND ND ND ND ND ND ND
4/19/2010|Red Tail Hawk 0256 0068494  |Sausalito Grounded << << << << << << <<
7/14/2009|Gray Fox 1029 0066760 [Olema Sick << << << << << << <<
7/7/2009|Raccoon Unknown [Unknown |Unknown Unknown << << << << << << <<
6/9/2009(Screech Owl 0749 0066090 |Novato FFN << << << << << << <<
5/28/2009|Squirrel 0644 0065821 Novato Poisoned? << << << << << << <<
5/11/2009|Barn Owl Unknown [Unknown |Unknown Unknown << << << << << << <<
11/15/2008|Screech Owl Unknown [Unknown |Unknown Unknown << << << << << << <<
8/2/2007|Cooper's Hawk 1129 0059382 Novato? Poisoned << << << << << << <<
44.1% 26 out of 59 animals tested positive for exposure to anti-coagulants.
40.0% 2011: 14 out of 35 animals tested positive for exposure to anti-coagulants.
November 2011
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Specimens Received:

Laboratory System
PO Box 1770

Davis, CA 95617

(530) 752-8700

California Animal Health & Food Safety

CAHFS Case#: D1109677

Referral #: 1370,PID#0074786
Date Collected:  09/18/2011

Date Received: ~ 09/20/2011

Case Coordinator: Robert H.
Poppenga, DVM, PhD, DABVT
Electronically Signed and
Authorized By: Poppenga, Robert H.
on 9/27/2011 2:46:35PM

Final
Version 1
This report supersedes all
previous reports for this case

Email To: Collection Site:
WILD CARE WILD CARE
melanie@wildcarebayarea.org 76 ALBERT PARK LANE

1 Liver Tissue;

San Rafael, CA 94901

Comments: 1 liver
Case Contacts
Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Report To Sergio, Maggie 415-456-7283 76 Albert Park Lane San Rafael, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Specimen Details
ID ID Type Taxonomy Gender Age
CAHFS Internal ID Crow

Laboratory Findings/Diagnosis

Brodifacoum exposure.

Case Summary

Please note that we do not have AR concentrations that are diagnostic for AR intoxication. A necessary component of a
diagnosis of intoxication is the presence of postmortem evidence of a generalized coagulopathy. The results do indicated
exposure to the AR, brodifacoum.

Clinical History

Duration of lliness: 4 weeks.

Euthanized for severe respiratory infection that would not respond to treatment. On necropsy- organ tissues all looked too
red- some bleeding in lungs — anti-coagulant

Treatments: Clavamox, Baytril, Amikacin,

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted

D1109677-01 1370 Liver Tissue 27-Sep-2011
Analyte Result Units Rep. Limit Units
Brodifacoum 0.13 ppm 0.01 ppm
Bromadiolone Not Detected ppm 0.05 ppm
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California Animal Health & Food Safety CAHFS Case#:  D1108770
Referral #: PID 0074482, WC# 1292

Laboratory SyStem Final Date Collected:  08/23/2011

PO Box 1770 Versior 1 Date Received:  08/25/2011

Davis, CA 95617 . Case Coordinator: Asli Mete. DVM,
(530) 752-8700 This report supersedes all PhD

previous reports for this case Electronically Signed and

Authorized By: Mete, Asli on
9/16/2011 11:33:03AM

Email To: Collection Site:
WILD CARE WILD CARE
melanie@wildcarebayarea.org 76 ALBERT PARK LANE

San Rafael, CA 94901
Specimens Received: 1 Carcass;

Comments: 1 carcass

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Report To Sergio, Maggie 415-456-7283 76 Albert Park Lane San Rafael, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
CAHFS Internal ID Gray Fox Female Adult

Laboratory Findings/Diagnosis

Leptospirosis, coagulopathy, and rodenticide detected:

Serology and PCR:
- Positive for L. interrogans serovar icteronemorrhagica

Toxicology:
- Liver: Bromadiolone 0.57

Pathology:

- Body as a whole: Severe diffuse icterus and serous atrophy of fat, thin body condition

- Lungs: Marked periarteriolar, alveolar and peribronchal hemorrhages

- Liver: Hepatocellular necrosis, multifocal, acute (coagulative)

- Kidneys: Bilateral, severe, multifocal to segmental fibrin thrombi and acute tubular necrosis
- Stomach: Multifocal hemorrhages, superficial lamina propria

- Large Intestine: Segmental hemorrhagic contents

- Urinary bladder: Subepithelial multifocal hemorrhages

Case Summary

9/16/11:
All tests are completed on this juvenile grey fox.

Bromadiolone, one of the rodenticide compounds was detected in levels that may be significant. Thus the presence of
gastrointestinal bleeding may be attributed to a coagulopathy induced by the toxicosis. However, L. icterohemorrhagica
was also detected by serology and PCR analysis (see attached report from the PCR laboratory), and the gross and
histopathologic lesions are consistent with infection with this agent.

9/2/2011:

Gross necropsy revealed remarkable changes in this grey fox, consisting of icterus and extensive hemorrhages in the
urinary, respiratory and gastrointestinal system. Histopathology confirmed these changes and demonstrated changes
similar to disseminated intravascular coagulopathy (DIC) and associated necrosis and the most likely differentials for the
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findings are Leptopsirosis and rodenticide toxicity. The high titers detected for L. icterohemorrhagiae are in the range
consistent with active infection (1:1600), however, the fluroescent antibody (FA) test and immunohistochemistry (IHC) did
not detect the organism. | am waiting for the rodenticide screen at this time, but still believe that Leptospirosis is a likely
diagnosis, despite the negative tests so far and will submit the samples for PCR testing if you would like to pursue a
definitive diagnosis (for an additional charge), just let me know. The rodenticide panel should be available next week (we
are closed on monday).

Clinical History

Found near busy intersection 8/23 AM so assumed hit by car originally. As day went on symptoms went from
non-responsive and lethargic to frantic and shaky. X-rays found no fractures. No wounds to support hit by car. Healthy
body wt and fvr. Gums very pale and yellow feces smelled like parvo in domestic dogs and seemed to have blood in it. Out
of Hematest tabs so can't confirm. Was dead in cage at 4:30 PM same day 8/23.

Treatments: Metacam, iron, Vit K, Frontline, subq LRS, (50% dextrose PO)

Gross Observations

Examined is the carcass of a female grey fox in thin body condition and moderate autolysis. The subcutaneous tissues
overall, the sclera, vasculature, and body as a whole are diffusely prominently yellow discolored (icterus). There is some
gelatinous transformation of fat in the coronary groove and subcutis, consistent with serous atrophy of fat. In the lungs,
there are hemorrhagic regions and there is diffuse marked edema. On section, abundant frothy fluid oozes and it is wet
and rubbery. The liver has a diffusely enhanced reticular pattern. The kidneys bilaterally are slightly swollen. The cortical
region is disseminated with petechiations and there is cortico-medullary junctional hemorrhage as well. The urinary
bladder contains petechial hemorrhages in over 50% of the mucosa. The stomach is diffusely hemorrhagic in the mucosa
by pinpoint hemorrhages. The intestines segmentally contain inspissated, clotted blood. The lymphoid follicles are quite
prominent. Within the small and large intestines, there are approximately 1.5-2 cm long, thin segmented worms
(cestodes).

Bacteriology

BACTERIAL AEROBIC CULTURE

Animal/Source  Specimen Specimen Type Date Resulted Results
D1108770-01 Grey fox #1292 Liver Tissue 29-Aug-2011 No growth after 48 hours
D1108770-01 Grey fox #1292 Lung Tissue 29-Aug-2011 No growth after 48 hours
LEPTOSPIRA SP. - FA
Animal/Source  Specimen Specimen Type Date Resulted Results

detected

Salmonella PCR and Confirmation Culture

Animal/Source  Specimen Specimen Type Date Resulted Results
D1108770-01 Grey fox #1292 Intestinal Contents 29-Aug-2011 No salmonella detected
Histology

Examined are sections of brain, skeletal muscle, tongue, heart, peripheral nerves (sciatic nerve), lung, liver, kidney,
spleen, lymph node, stomach, pancreas, small and large intestines (T18):

There is a slightly hypercellular region of myocardium with infiltrating non-suppurative cells and there is mild edema. The
lungs demonstrate remarkable medium to large caliber, arterial periadventitial expansion by dense hemorrhages. The
bronchi also often have peribronchal hemorrhaging and there are multifocal regions of alveolar hemorrhages. Alveolar
macrophages and edema are also observed in large portions. In the liver, there is a diffuse dissociation of the hepatic
cords with rounding and eosinophilia of hepatocytes. There is frequent single cell necrosis. Bilaterally in the kidneys,
there are multiple regions of hemorrhage and microfibrin thrombi with associated acute tubular necrosis, segmentally in
some areas. The urinary bladder is congested to hemorrhagic multifocally in the lamina propria. Three out of four lymph
nodes examined have varying degrees of erythrophagocytosis, very prominent and severe, and there is also hemorrhage
within the sinuses of one of the lymph nodes. The lamina propria of the stomach is multifocally hemorrhagic. There are
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also accumulative red blood cells and bacterial contents within the large intestines in one region.

ImMmmunoHistoChemistry

Leptospira immunohistochemistry
Animal/Source  Specimen Specimen Type Date Resulted Results

D1108770-01 Block #T14 Tissue Block 13-Sep-2011 Negative

Immunology

Leptospira canicola antibody - MAT

Animal/Source  Specimen Specimen Type Date Resulted Results
D1108770-01 Grey fox #1292 Blood 31-Aug-2011 Neg @1:100
Leptospira grippotyphosa antibody - MAT

Animal/Source  Specimen Specimen Type Date Resulted Results
D1108770-01 Grey fox #1292 Blood 31-Aug-2011 Neg @1:100
Leptospira hardjo antibody - MAT

Animal/Source  Specimen Specimen Type Date Resulted Results
D1108770-01 Grey fox #1292 Blood 31-Aug-2011 Neg @1:100
Leptospira icterohemorrhagiae antibody - MAT

Animal/Source  Specimen Specimen Type Date Resulted Results
D1108770-01 Grey fox #1292 Blood 31-Aug-2011 1:1,600

Leptospira pomona antibody - MAT
Animal/Source  Specimen Specimen Type Date Resulted Results

D1108770-01 Grey fox #1292 Blood 31-Aug-2011 Neg @1:100

Parasitology

FECAL EXAM - FLOTATION
Animal/Source  Specimen Specimen Type Date Resulted Results

D1108770-01 Grey fox #1292 Intestinal Contents 29-Aug-2011 No parasite eggs detected

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

The submitted liver contained brodifacoum, bromadiolone and diphacinone. These compounds are anticoagulant
rodenticides. It is important to evaluate the significance of these compounds along with all other diagnostic findings. If
pathological lesions of hemorrhages were present, the presence of these rodenticides played a role in the disease of this
grey fox. If no pathological lesions of bleeding were found, the presence of the reported anticoagulants is consistent with
exposure to these compounds, but does not appear to have resulted in associated disease or lesions.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted

D1108770-01 Grey fox #1292 Liver Tissue 06-Sep-2011
Analyte Result Units Rep. Limit Units
Brodifacoum 0.060 ppm 0.01 ppm
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Laboratory System
PO Box 1770

Davis, CA 95617

(530) 752-8700

Email To:
WILD CARE
melanie@wildcarebayarea.org

California Animal Health & Food Safety

Final
Version 1
This report supersedes all

previous reports for this case

CAHFS Case#: D1107966

Referral #: PID 0074145/Rodenticide Stuc
Date Collected:  08/01/2011

Date Received: ~ 08/03/2011

Case Coordinator: Robert H.

Poppenga, DVM, PhD, DABVT
Electronically Signed and

Authorized By: Poppenga, Robert H.

on 8/8/2011 9:03:06AM

Collection Site:
WILD CARE
76 ALBERT PARK LANE

San Rafael, CA 94901

Specimens Received: 1 Liver Tissue;

Comments: 1 liver tissue
Case Contacts
Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Specimen Details
ID ID Type Taxonomy Gender Age
CAHFS Internal ID Screech Owl

Laboratory Findings/Diagnosis

Brodifacoum exposure.

Case Summary

Please note that a "trace" amount of brodifacoum was detected in the submitted serum sample. A trace amount indicates
that the analyte was present in the tested sample but at a concentration below the stated reporting limit. We cannot
accurately quantitate trace amounts. The results are consistent with exposure to brodifacoum, but not necessarily
intoxication. If there was antemortem or postmortem evidence of a coagulopathy, then the presence of brodifacoum would
be consistent with intoxication.

Clinical History

See attached patient record

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of
detected, but not quantified, at concentrations below the reporting limit.

an analyte in a sample. The analyte may be

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted
D1107966-01 1168 Liver Tissue 05-Aug-2011
Analyte Result Units =~ Rep. Limit Units
Brodifacoum Trace ppm 0.01 ppm
Bromadiolone Not Detected ppm 0.05 ppm
Chlorophacinone Not Detected ppm 0.25 ppm
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California Animal Health & Food Safety CAHFS Case #:  D1107437
Referral #: Rodenticide Study 0073972

Laboratory System il Date Collected: ~ 07/17/2011

PO Box 1770 Ver;?:n . Date Received:  07/19/2011
Davis, CA 95617 Thi d " Case Coordinator: Snehal Tawde,
(530) 752-8700 is report supersedes a DVM

previous reports for this case Electronically Signed and

Authorized By: Tawde, Snehal on
7/28/2011 5:58:59PM

Email To: Collection Site:
WILD CARE WILD CARE
melanie@wildcarebayarea.org 76 ALBERT PARK LANE

San Rafael, CA 94901
Specimens Received: 1 Liver Tissue;

Comments: 1 liver

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Report To Sergio, Maggie 415-456-7283 76 Albert Park Lane San Rafael, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
CAHFS Internal ID Cooper's Hawk

Case Summary

Brodifacoum was detected in the submitted liver sample. Brodifacoum is a second generation, long-acting anticoagulant
rodenticide that interferes with normal blood clotting as a result of reduced concentrations of clotting factors I, VII, IX, and
X. The oral lethal dose 50 (LD50) in dogs is between 0.25 and 3.6 mg/kg bodyweight. Clinical signs of anticoagulant
rodenticide toxicosis include depression, anorexia, anemia, hematemesis, bloody feces, ataxia, weakness, and
subcutaneous hemorrhages. Diphacinone was detected in trace amounts as well. A trace amount indicates that the
analyte was present in the tested sample but at a concentration below the stated reporting limit. We cannot accurately
quantitate trace amounts. Diphacinone is a second generation, long-acting anticoagulant rodenticide that interferes with
normal blood clotting as a result of reduced concentrations of clotting factors I, VII, IX, and X. The oral lethal dose 50
(LD50) in dogs is 3 mg/kg bodyweight. Clinical signs of anticoagulant rodenticide toxicosis include depression, anorexia,
anemia, hematemesis, bloody feces, ataxia, weakness, and subcutaneous hemorrhages. Please note that the said
findings need to be taken in consideration alongwith history, cinical signs, gross and microscopic findings.

Clinical History

See patient record copy

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted

D1107437-01 1064 Liver Tissue 27-Jul-2011
Analyte Result Units Rep. Limit Units
Brodifacoum 0.31 ppm 0.01 ppm

Report 4(z)-CAHFS Standard Report - 07/14/2011 Page 1 of 2





CAHFS Final Version 1

Bromadiolone

Chlorophacinone

Coumachlor

Difethialone

Diphacinone

Warfarin

Report 4(z)-CAHFS Standard Report - 07/14/2011

Not Detected

Not Detected

Not Detected

Not Detected

Trace

Not Detected

Accession # D1107437

ppm

ppm

ppm

ppm

ppm

ppm

0.05

0.25

0.05

0.25

0.25

0.05

ppm

ppm

ppm

ppm

ppm

ppm

July 28, 2011

Page 2 of 2





California Animal Health & Food Safety CAHFS Case #:  D1107349
Referral #: Rodenticide Study PID #0073¢

Laboratory System il Date Collected:  07/14/2011

PO Box 1770 Versior 1 Date Received:  07/15/2011
Davis, CA 95617 Thi Case Coordinator: Snehal Tawde,
(530) 752-8700 is report supersedes all DVM

[ rts for thi
previous reports for this case Electronically Signed and

Authorized By: Tawde, Snehal on
7/20/2011 7:47:47PM

Email To:
WILD CARE

melanie@wildcarebayarea.org

Specimens Received: 1 Liver Tissue;

Comments: 1 liver

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Report To Sergio, Maggie 415-456-7283 76 Albert Park Lane San Rafael, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
CAHFS Internal ID Barn Owl Male Adult

Laboratory Findings/Diagnosis

Brodifacoum detected in the submitted liver sample. Trace amounts of bromadiolone were detected as well. PI. refer to
case summary.

Case Summary

Brodifacoum was detected in the submitted liver sample. Brodifacoum is a second generation, long-acting anticoagulant
rodenticide that interferes with normal blood clotting as a result of reduced concentrations of clotting factors IlI, VII, IX, and
X. Clinical signs of anticoagulant rodenticide toxicosis include depression, anorexia, anemia, hematemesis, bloody feces,
ataxia, weakness, and subcutaneous hemorrhages. Bromdiolone was detected in trace amounts as well. A trace amount
indicates that the analyte was present in the tested sample but at a concentration below the stated reporting limit. We
cannot accurately quantitate trace amounts. Bromadiolone is a second generation, long acting anticoagulant rodenticide .
It is a vitamin K antagonist and is generally present at 0.005% (50 ppm) by weight in baits. It should be noted that
bromadiolone has a long retention time (T1/2 of about 170 days) in the body and so a continuous exposure of lesser
amounts of bromadiolone may lead to its accumulation and finally result in toxicosis. Death usually occurs due to multiple
internal hemorrhages, which are observed 3-4 days or more following administration of a lethal dose to rats, mice and
rabbits.

The said findings need to be taken into consideration with history, clinical signs (which appear to be suggestive of a
coagulopathy), gross and microscopic findings. None of the other listed anticoagulants were detected in the submited
sample, at or above the indicated reporting limits.

Clinical History

See attached patient record

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.
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ANTICOAGULANT SCREEN
Animal/Source  Specimen

D1107349-01 1038

Brodifacoum

Bromadiolone

Chlorophacinone

Coumachlor

Difethialone

Diphacinone

Warfarin

Report 4(z)-CAHFS Standard Report - 07/14/2011

Specimen Type

Liver Tissue
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California Animal Health & Food Safety CAHFS Case #:  D1106135

Laboratory SyStem Final Date Collected: 06/13/2011

PO Box 1770 Ver;?:n . Date Received:  06/14/2011

Davis, CA 95617 Thi Case Coordinator: Asli Mete. DVM,
(530) 752-8700 is report supersedes all PhD

[ rts for thi
previous reports for this case Electronically Signed and

Authorized By: Mete, Asli on
6/22/2011 4:14:16PM

Email To: Collection Site:
WILD CARE WILD CARE
melanie@wildcarebayarea.org 76 ALBERT PARK LANE

San Rafael, CA 94901
Specimens Received: 1 Carcass;

Comments: 1 carcass

Referral #: PID 0073254/ Rodenticide stus

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
0785/PID#0073254 Unknown Skunk

Laboratory Findings/Diagnosis

- Body as a whole: Very thin body condition

- Right lateral thorax focal subcutaneous hemorrhage

- Subvertebral hemorrhage (T2-T5): Focally extensive, with marked acute myocyte necrosis

- Lungs: Severe nematodiasis, with diffuse mild eosinophilic histiocytic interstitial pneumonia

- Kidneys: Focally extensive lymphoplasmacytic histiocytic interstitial nephritis

- Heart: Perivascular cuffing with fibrinoid necrosis

- Spleen: Multifocal, degenerate neutrophilia and fibrinoid change

- Gastrointestinal system: Severe parasitism; nematodes and cestodes in the stomach and small and large intestines

Case Summary

06/22/11:

All tests are completed, and there are no new findings. Trace levels are detected in the anticoagulant screen, most likely
as an incidental finding. Infectious agents tested for (primarily Rabies, Leptospirosis, H1N1) are all negative. This
concludes this case.

06/17/11:

The salient features noted in this skunk are the extensive endoparasitism affecting the respiratory and the gastrointestinal
system and the poor body condition. bacteria are not recovered from cultures. The anticoagulant screen is pending.
Trauma is suspected to be the cause of the focal hemorrhages in the right thoracic region and the thoracic subvertebral
region. The remaining tests results will be forwarded in a final report.

6/15/2011:

Focal subcutaneous hemorrhage is noted in this skunk with unknown etiology. An anticoagulant screen and some
ancillary tests are pending at this time. The nematodes in the stomach and the small intestines appear to be distinct
species and there were cestodes in the jejunum as well. Please let me know if you would like to send off the parasites for
species identification.

Clinical History

See attached chart
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Gross Observations

Examined is the carcass of a female skunk in very thin body condition with marked autolysis. There is widespread serous
atrophy of fat throughout the mesentery, subuctis, and the retroperitoneal and coronary regions. The lungs are bilaterally
diffusely red to tan mottled and there is a slightly increased diffuse firm consistency. There are some petechial
hemorrhages in the dorsal caudal lung lobes. There is about 1-2 ml of red-tinged frothy fluid in the trachea and major
bronchi. On the right lateral thoracic rib cage and towards the axilla there is regionally extensive hemorrhage. On the
ventral aspect of the T2-T5 vertebral bodies is a large blood clot measuring up to 3.5 cm long. The liver has abundant gas
bubbles (autolytic change). The stomach is devoid of solid contents and contains a small amount of yellowish viscous
fluid. Small numbers of short, thick white nematodes measuring about 1 cm long with a longer thinner filamentous tail is
present in the stomach. In the duodenum, there are small to moderate numbers of brown, 1.5 cm long thin nematodes
and mostly in the jejunum and fewer in the large intestines there are many flat worms. The skin, cardiovascular system,
nervous system and reproductive system are within normal limits.

Bacteriology

BACTERIAL AEROBIC CULTURE

Animal/Source  Specimen Specimen Type Date Resulted Results
0785/PID#007325 0785/PID#0073254 Lung Tissue 17-Jun-2011 No growth after 48 hours
4

0785/PID#007325 0785/PID#0073254 Liver Tissue 17-Jun-2011 No growth after 48 hours
4

Biotechnology

Test Specific Comments
NAHLN H1N1 Influenza virus A Matrix gene RNA qRT PCR
* This procedure was performed according to a National Animal Health Laboratory Network protocol ‘Real-Time
RT-PCR for the Detection of Swine Influenza Virus and Identification of a Novel N1 Subtype in Clinical Samples,
SOP-BPA-9034.02'.
Novel HIN1-MA-Tissue PCR-Non porcine
Novel HIN1-MA-Tissue PCR-Non porcine

Animal/Source  Specimen Specimen Type Date Resulted Results
0785/PID#007325 0785/PID#0073254 | ung Tissue 22-Jun-2011 Negative
4

Histology

Examined are sections of brain, skeletal muscle (subvertebral hemorrhage in T1 and T2), haired skin, lymph node,
trachea, esophagus, tongue, heart, liver, lung, kidney, spleen, peripheral nerve, thyroid, adrenal gland, pancreas,
stomach, small and large intestines and gastrointestinal parasites cross-sections (T13): In one of the renal sections, there
is a focally extensive expansion of the interstitium by lymphoplasmacytic infiltrates. Abundant cross sections of cestodes
are present in the intestinal tract. In the heart, there is a perivascular lymphocytic histiocytic cuffing and fibrinoid necrosis
in the perivascular region. The spleen has multifocal degenerate neutrophils. In the lungs, there is a massive consolidation
by proteinaceous edema fluid, some hemorrhage, and cellularity (although there are also significant autolytic changes).
Large numbers of nematode larvae eggs and parasites are frequently within the airspaces and occasionally fill terminal
airways. There is extensive eosinophilia and infiltrations of histiocytes and multinucleate giant cells. Marked acute
myocyte degeneration and necrosis is observed in the skeletal muscle at the region of the subvertebral hemorrhage.

ImMmmunoHistoChemistry

Leptospira immunohistochemistry

Animal/Source  Specimen Specimen Type Date Resulted Results
0785/PID#007325 Block #T06 Tissue Block 22-Jun-2011 Negative
4
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0785/PID#007325 Block #T10 Tissue Block 22-Jun-2011 Negative
4

Parasitology

FECAL EXAM - DIRECT WET SMEAR

Animal/Source  Specimen Specimen Type Date Resulted Results
0785/PID#007325 0785/PID#0073254 Feces 17-Jun-2011 Coccidia present Sm#
4

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

The detected liver vitamin E concentration appears acceptable, on comparison with liver vitamin E reference values for a
related Mustelidae species (mink). We do not have reference ranges for skunk liver vitamin E.

Brodifacoum was detected in trace amounts, confirming exposure. Detection in trace amounts means that the said
compound was detected below the reporting limit, in a low quantity that cannot be accurately estimated due to limitations
in sample size and/or experimental conditions. The said findings have to be taken into consideration along with clinical,
gross or microscopic findings, for further interpretation. Brodifacoum is a second generation, long-acting anticoagulant
rodenticide that interferes with normal blood clotting as a result of reduced concentrations of clotting factors Il, VII, IX, and
X. The oral lethal dose 50 (LD50) in dogs is between 0.25 and 3.6 mg/kg bodyweight. Clinical signs of anticoagulant
rodenticide toxicosis include depression, anorexia, anemia, hematemesis, bloody feces, ataxia, weakness, and
subcutaneous hemorrhages.

We do not have adequate reference ranges available to interpret the liver heavy metal screen findings with a degree of
confidence. Lead, Arsenic and Mercury were not detected. Over-all the liver heavy metal results appear acceptable,
although the copper may be sub-optimal.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted
0785/PID#007325 0785/PID#0073254 |jver Tissue 21-Jun-2011
4
Analyte Result Units Rep. Limit Units
Brodifacoum Trace ppm 0.01 ppm
Bromadiolone Not Detected ppm 0.05 ppm
Chlorophacinone Not Detected ppm 0.25 ppm
Coumachlor Not Detected ppm 0.05 ppm
Difethialone Not Detected ppm 0.25 ppm
Diphacinone Not Detected ppm 0.25 ppm
Warfarin Not Detected ppm 0.05 ppm
HEAVY METAL SCREEN
Animal/Source  Specimen Specimen Type Date Resulted
0785/PID#007325 0785/PID#0073254 |jver Tissue 17-Jun-2011
4
Analyte Resut Units Rep. Limit Units Ref. Range
Lead Not Detected PPM 1.000 PPM
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Manganese 2.5 PPM 0.040 PPM

Iron 300 PPM 0.200 PPM

Mercury Not Detected PPM 1.000 PPM

Arsenic Not Detected PPM 1.000 PPM

Molybdenum 0.58 PPM 0.400 PPM

Zinc 23 PPM 0.100 PPM

Copper 14 PPM 0.100 PPM

Cadmium Not Detected ppm 0.300 ppm
SELENIUM - TISSUE/OTHER Rep. Ref.
Animal/Source  Specimen Specimen Type Date Resulted Results Units Limit Range
0785/PID#007325 0785/PID#0073254 Liver Tissue 17-Jun-2011  0.54 ppm 0.020 ppt
4
VITAMIN E Rep.
Animal/Source  Specimen Specimen Type Date Resulted Results Units Limit
0785/PID#007325 0785/PID#0073254 |jver Tissue 20-Jun-2011 55 ppm 4.0
4

Virology

RABIES (YOLO COUNTY HEALTH)
Animal/Source  Specimen Specimen Type Date Resulted Results
0785/PID#007325 0785/PID#0073254 Brain Tissue 17-Jun-2011 negative

4
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California Animal Health & Food Safety CAHFS Case #:  D1106137
Referral #: Rodenticide Study, PID #0072

Laboratory SyStem Final Date Collected: 06/13/2011

PO Box 1770 Ver;?:n . Date Received:  06/14/2011

Davis, CA 95617 . d " Case Coordinator: Asli Mete. DVM,
(530) 752-8700 This report supersedes a PhD

previous reports for this case Electronically Signed and

Authorized By: Mete, Asli on
6/28/2011 4:35:45PM

Email To: Collection Site:
WILD CARE Sausalito
melanie@wildcarebayarea.org

Specimens Received: 1 Carcass;

Comments: 1 carcass

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Report To Sergio, Maggie 415-456-7283 76 Albert Park Lane San Rafael, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
0556/PID#0072684 Unknown Skunk Adult

Laboratory Findings/Diagnosis

Bacteriology:
- Liver Streptococcus spp in large numbers

Pathology:

- Heart: Myocarditis, epicarditis and endocarditis, lymphoplasmacytic, multifocal, marked with mild multifocal
cardiomyocyte degeneration and necrosis

- Spleen, lung, liver, heart: Multifocal intravascular bacteria

Toxicology:
- Liver: Copper deficiency

Case Summary

06/28/11:
All tests are completed at this time, and the cultures identified Strep bovis and Strep dysgalactiae equisimilis in large
numbers in the liver, most likely associated with a systemic bacterial infection. West Nile virus is ruled out as a cause for
the cardiac lesions by IHC, and the most likely cause of the demise is the bacterial infection. There are no additional
findings.

06/20/11:

Most ancillary tests are completed at this time and there are no significant findings; rabies is negative, and trace levels
of anticoagulants have been detected however this is of equivocal significance (see toxicology section below).

Histopathology revealed significant changes in the heart tissue as well as disseminated bacterial organisms. Although
there is significant autolysis, the bacteria do not appear to be typical postmortem Clostridial overgrowth. Liver cultures are
pending at this time in an attempt to identify the organisms and Gram stains are underway to detail the features. The
cardiac lesions are quite extensive, and most likely associated with the death.

06/15/11:
Gross inspection did not reveal remarkable changes in this skunk. Anticoagulant screen, histopathology and some

ancillary tests are underway.
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Clinical History

Please see attached chart

Gross Observations

Examined is the carcass of a male skunk in fair body condition with moderate autolysis. The spleen is mildly enlarged .
The hair coat is intact, and there are no external parasites there is no discharge from eyes or nares. The lungs are
diffusely dark red with some patchy areas of pink. There is a mild enhancement of the reticular surface of liver. A small
amount of ingesta is found in the stomach and scant contents are in the intestinal tract. There is a small patch of clotted
blood found free within the peritoneal cavity, however, the source is unknown. The urinary bladder, musculoskeletal
system, nervous system, cardiovascular and reproductive system are within normal limits.

Bacteriology

BACTERIAL AEROBIC CULTURE

Animal/Source  Specimen Specimen Type Date Resulted Results
0556/PID#007268 0556/PID#0072684  |Ljver Tissue 22-Jun-2011 Streptococcus dysgalactiae ssp.
4 equisimilis Lg#

Streptococcus bovis Lg#

Biotechnology

Test Specific Comments
NAHLN H1N1 Influenza virus A Matrix gene RNA qRT PCR
* This procedure was performed according to a National Animal Health Laboratory Network protocol ‘Real-Time
RT-PCR for the Detection of Swine Influenza Virus and Identification of a Novel N1 Subtype in Clinical Samples,
SOP-BPA-9034.02'.
Novel HIN1-MA-Tissue PCR-Non porcine
Novel HIN1-MA-Tissue PCR-Non porcine

Animal/Source  Specimen Specimen Type Date Resulted Results
0556/PID#007268 0556/PID#0072684 | ung Tissue 22-Jun-2011 Negative
4

Histology

Examined are sections of brain, peripheral nerves, skeletal muscle, tongue, trachea, esophagus, haired skin, heart, lung,
liver, kidney, lymph node, adrenal gland, urinary bladder, testes, epididymis, stomach, pancreas and small and large
intestines (T11). All tissues demonstrate significant autolysis with the lungs and gastrointestinal tract being the most
pronounced and diffuse.

Multifocally, small aggregates of inflammatory cells expand the perivascular spaces and the interstitum of the
myocardium and epicardium with smaller regions of the endocardium. There is associated mild multifocal cardiomyocyte
degeneration. The cells are mostly lymphoplasmacytic, histiocytic and typically dissect between the cardiomyocyte
fibers. Some vessels contain short rod bacteria. The lungs are covered in proteinaceous fluid throughout the parenchyma
and some vessels also contain similar short rods or chains of cocci in the lumen. Bacterial colonies are dense, and
dispersed throughout the splenic parenchyma and there is what appears to be fibrinous effusion in the spleen and lungs.
Similar bacteria are observed in the liver in occasional vessels. There are large numbers of Sarcocysts in the tongue and
skeletal muscle.

ImMmmunoHistoChemistry

Leptospira immunohistochemistry

Animal/Source  Specimen Specimen Type Date Resulted Results
0556/PID#007268 Block #T04 Tissue Block 22-Jun-2011 Negative
4

West Nile Virus immunohistochemistry

Animal/Source  Specimen Specimen Type Date Resulted Results
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0556/PID#007268 Block #T04 Tissue Block 28-Jun-2011 Negative
4

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

The detected liver vitamin E concentration is listed, and is acceptable/non-toxic. Relatively high doses of vitamin E are
tolerated well by most animal species.

Trace amounts of Brodifacoum and Bromadiolone were detected in the submitted liver sample, confirming exposure .
Detection in trace amounts means that the said compound was detected below the reporting limit, in a low quantity that
cannot be accurately estimated due to limitations in sample size and/or experimental conditions. The said findings have
to be taken into consideration alongwith clinical, gross or microscopic findings, for further interpretation.

Brodifacoum is a second generation, long-acting anticoagulant rodenticide that interferes with normal blood clotting as a
result of reduced concentrations of clotting factors Il, VII, IX, and X. The oral lethal dose 50 (LD50) in dogs is between 0.25
and 3.6 mg/kg bodyweight. Clinical signs of anticoagulant rodenticide toxicosis include depression, anorexia, anemia,
hematemesis, bloody feces, ataxia, weakness, and subcutaneous hemorrhages.

Bromadiolone is a second generation, long acting anticoagulant rodenticide. It is a vitamin K antagonist and is generally
present at 0.005% (50 ppm) by weight in baits. The oral LD50 for dogs has been reported to be about 11 mg/Kg body
weight (1-2 mg/kg BW in rodents). Thus, a 10 kg dog would have to eat about 110 mg bromadiolone to result in
intoxication. It should be noted that bromadiolone has a long retention time (T1/2 of about 170 days) in the body and so a
continuous exposure of lesser amounts of bromadiolone may lead to its accumulation and finally result in toxicosis. Death
usually occurs due to multiple internal hemorrhages, which are observed 3-4 days or more following administration of a
lethal dose to rats, mice and rabbits.

We do not have adequate reference ranges available for the skunk, that can be used to interpret the liver heavy metal
results with a degree of confidence. Overall they appear acceptable, although the detected copper concentration is very
low. Copper deficiency can contribute to illthrift, poor production, decreased resistance to other diseases, diarrhea, ataxia
in neonates, and at extremely low levels, death may occur.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted
4
Analyte Result Units Rep. Limit Units
Brodifacoum Trace ppm 0.010 ppm
Bromadiolone Trace ppm 0.050 ppm
Chlorophacinone Not Detected ppm 0.250 ppm
Coumachlor Not Detected ppm 0.050 ppm
Difethialone Not Detected ppm 0.250 ppm
Diphacinone Not Detected ppm 0.250 ppm
Warfarin Not Detected ppm 0.050 ppm
HEAVY METAL SCREEN
Animal/Source  Specimen Specimen Type Date Resulted
4
Analyte Result Units Rep. Limit Units Ref. Range
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Lead Not Detected PPM 1.000 PPM

Manganese 1.5 PPM 0.040 PPM

Iron 370 PPM 0.200 PPM

Mercury Not Detected PPM 1.000 PPM

Arsenic Not Detected PPM 1.000 PPM

Molybdenum 0.65 PPM 0.400 PPM

Zinc 18 PPM 0.100 PPM

Copper 25 PPM 0.100 PPM

Cadmium Not Detected ppm 0.300 ppm
SELENIUM - TISSUE/OTHER Rep. Ref.
Animal/Source  Specimen Specimen Type Date Resulted Results Units Limit Range
0556/PID#007268 0556/PID#0072684 | iver Tissue 17-Jun-2011  0.70 ppm 0.020 ppt
4
VITAMIN E Rep.
Animal/Source  Specimen Specimen Type Date Resulted Results Units Limit
0556/PID#007268 0556/PID#0072684 | jver Tissue 28-Jun-2011 49 ppm 2.0
4

Virology

RABIES (YOLO COUNTY HEALTH)
Animal/Source  Specimen Specimen Type Date Resulted Results
0556/PID#007268 0556/PID#0072684 Brain Tissue 17-Jun-2011 negative
4
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California Animal Health & Food Safety CAHFS Case #:  D1104590
Referral #: Patient 467

Laboratory SyStem Final Date Collected:

PO Box 1770 Ver;ion . Date Received:  05/10/2011
Davis, CA 95617 Thi Case Coordinator: Snehal Tawde,
(530) 752-8700 is report supersedes all DVM

[ rts for thi
previous reports for this case Electronically Signed and

Authorized By: Tawde, Snehal on
5/16/2011 2:14:14PM

Email To: Collection Site:
WILD CARE WILD CARE
melanie@wildcarebayarea.org 76 ALBERT PARK LANE

San Rafael, CA 94901
Specimens Received: 1 Carcass;

Comments: 1 carcass

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
CAHFS Internal ID Great Horned Owl

Case Summary

Traces of Brodifacoum and Bromadiolone were detected in the submitted liver sample, confirming exposure. Brodifacoum
is a second generation, long-acting anticoagulant rodenticide that interferes with normal blood clotting as a result of
reduced concentrations of clotting factors I, VII, IX, and X. Clinical signs of anticoagulant rodenticide toxicosis include
depression, anorexia, anemia, hematemesis, bloody feces, ataxia, weakness, and subcutaneous hemorrhages.
Bromadiolone is a second generation, long acting anticoagulant rodenticide. It is a vitamin K antagonist and is generally
present at 0.005% (50 ppm) by weight in baits. It should be noted that bromadiolone has a long retention time (T1/2 of
about 170 days) in the body and so a continuous exposure of lesser amounts of bromadiolone may lead to its
accumulation and finally result in toxicosis. Death usually occurs due to multiple internal hemorrhages, which are
observed 3-4 days or more following administration of a lethal dose to rats, mice and rabbits. Other anticoagulant
rodenticide included in our screen were not detected at or above the indiacated reporting limit. Correlation of these findings
with necropsy and pathological data would be necessary to further interpret these results.

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted

D1104590-01 467 Liver Tissue 13-May-2011
Analyte Result Units Rep. Limit Units
Brodifacoum Trace ppm 0.01 ppm
Bromadiolone Trace ppm 0.05 ppm
Chlorophacinone Not Detected ppm 0.25 ppm
Coumachlor Not Detected ppm 0.05 ppm

Report 4(y)-CAHFS Standard Report - 3/18/2011 Page 1 of 2





CAHFS Final Version 1 Accession # D1104590 May 16, 2011

Difethialone Not Detected ppm 0.25 ppm
Diphacinone Not Detected ppm 0.25 ppm
Warfarin Not Detected ppm 0.05 ppm
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California Animal Health & Food Safety CAHFS Case #:  D1104558
Referral #: PID# 0072513

Laboratory System . Date Collected: ~ 05/06/2011

PO Box 1770 Ve':;‘;'] 1 Date Received:  05/09/2011

Davis, CA 95617 Thi o d " Case Coordinator: Federico Giannitti
(530) 752-8700 S report supersedes a Electronically Signed and

[ rts for thi
previous reports for this case Authorized By: Giannitti, Federico on

5/25/2011 3:18:13PM

Email To: Collection Site:
WILD CARE WILD CARE
melanie@wildcarebayarea.org 76 ALBERT PARK LANE

San Rafael, CA 94901
Specimens Received: 1 Carcass;

Comments: 1 carcass

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
CAHFS Internal ID Skunk Juvenile

Laboratory Findings/Diagnosis

Pathological findings:

- Kidney: tubular dilation with epithelial necrosis, and regeneration, bilateral, diffuse, marked, with intratubular
mineralization/crystals, tubular proteinosis, and multifocal interstitial lymphoplasmacytic nephritis. Toxic etiology
suspected. Leptospira FA negative.

- Stomach: diffuse mucosal mineralization, moderate. Compatible with uremic gastropathy.

- Urinary bladder: cystitis, diffuse, pleocellular, chronic, moderate.

- Marked emaciation, chronic.

Incidental findings:
- Gastric nematodiasis and intestinal platyhelminthiasis (tapeworms), moderate.
- Lung: diffuse pulmonary congestion and edema and focal interstitial encysted adult nematodes .

Additional tests results:

- Rabies negative.

- Brodifacoum detected in liver .

- Salmonella PCR positive (feces), Salmonella culture negative.

- Coccidia and nematode eggs detected in feces (small numbers).

Case Summary

5/25/2011:

The urinalysis is now completed. Few ftriple phosphate (struvite) and amorphous crystals were recognized on the
microscopic exam of the urinary sediment (see attached report). Low amounts of these crystals are not unusual in normal
urine of dogs and cats, | do not know if this statement applies to skunks also. In the absence of oxalate crystals | would
no longer consider ethylene glycol as a likely etiology in this case. The etiology of the renal lesions remains uncertain.

Brodifacoum levels in liver are approximately 0.2 ppm, which confirms exposure but not necessarily intoxication (see
toxicology summary for further detail).

All tests are now completed on this submission.
5/20/2011:
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The most significant microscopic findings in this skunk are restricted to the kidneys and are characterized by marked
diffuse tubular degeneration and necrosis with intratubular mineralization/crystal deposition. There is also mild multifocal
interstitial nephritis but this may be due to some other background inflammatory process. The lesions are severe and
widespread and can be considered cause of acute renal failure. Similar lesions have been reported in dogs intoxicated
with ethylene glycol, however the crystals caused by ethylene glycol toxicity (oxalate crystals) fluoresce under polarized
light and the crystals in this case do not fluoresce, so they may have a different chemical composition. There is also
diffuse mineralization of the gastric mucosa, which is a lesion frequently reported in animals with uremia and further
supports renal failure. Leptospira FA is negative and a toxic etiology is suspected at this stage. Numerous toxins can
cause acute tubular necrosis including antibiotics (aminoglycosides, sulfonamides, tetracyclines, etc), paraquat,
mycotoxins, and many others.

I will send samples of urine to the UC Davis VMTH for urinalysis to see if we can further identify the crystals. Ethylene
glycol could be tested at our laboratory for an additional extra charge of approximately $50.

The anticoagulant rodenticide Brodifacoum was detected in liver by a qualitative method. This indicates exposure but not
necessarily intoxication, a quantitative analysis is underway.

Salmonella sp was detected by PCR but the specific culture is negative, thus serotyping is not possible. In the absence of
a history of diarrhea | assume this is an incidental finding. The intestines in this animal are severely autolyzed, making the
assessment of possible lesions difficult. No hepatic lesions suggestive of Salmonella are present.

A final report will follow.

5/11/2011:
The most significant gross findings in this skunk are restricted to the lungs, and an infectious/parasitic pneumonia is
suspected at this stage. There is also gross evidence of a nephropathy (likely chronic nephritis), Leptospira FA is
underway.

There is also a moderate internal parasitic infestation with nematodes parasitizing the stomach and platyhelminthes
present in the small intestines. This infestation might have contributed to the state of emaciation. Specimens of these
parasites were collected and frozen in case further parasite ID is requested.

Bacteriology, heavy metal screen, Leptospira FA, fecal exam, histology and anticoagulant screen as requested are
underway. An updated report will follow.

Clinical History

Found sleeping in a yard during daytime. Very emaciated and dehydrated. Eyes sunken, fly eggs in fur, maggots in anus;
having seizures.
Treatments: none

Gross Observations

Necropsy of a juvenile female skunk is performed on May 9th, 2011. There are abundant maggots within the oral and nasal
cavities, larynx, anus and vulva and small numbers reach the esophageal and tracheal lumina. The eyes are shrunken into
the orbits.

The carcass is markedly emaciated, has very scant fat reserves and tissues are in moderate state of postmortem
decomposition.

The renal cortices in both kidneys are diffusely gray to green and pale white discolored and have diffuse pinpoint white
mottling that extends into the renal parenchyma on cut section.

There is diffuse bright and dark red and white mottling of both lungs that have a meaty consistency and failed to collapse
when the thoracic cavity was opened (possible interstitial pneumonia).

The right bronchial lymph node is mildly enlarged and juicy on cut section
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The stomach is devoid of feed material and is filled with moderate numbers of roundworms and mucus instead. There are
moderate numbers of flatworms in the small intestinal lumen. The gastrointestinal tract is markedly autolytic; the
intestines are distended with gas and have scant dark green contents, particularly in the distal colon/rectum.

The visceral surface of the liver is dark green to black discolored (pseudomelanosis). The gall bladder is distended with
grossly normal bile.

The urinary bladder contains amber grossly normal urine and is grossly unremarkable.

The brain, adrenal glands, pancreas, spleen, esophagus, trachea, tongue and select skeletal muscles are grossly
unremarkable.

Bacteriology

5/16/11: The fecal flotation also revealed 0-1/LPF of Nematode eggs.
Salmonella enrichment culture
Animal/Source  Specimen Specimen Type Date Resulted Results

D1104558-01 Skunk 466 Feces 16-May-2011 No Salmonella detected

* There is close to 90% correlation between Salmonella culture and PCR test results. In some cases, there may be
positive PCR and negative culture results when the plate medium is compromised by swarming Proteus. In other
instances, Salmonella is ruled out by picking up to 3 suspect colonies for further identification. The PCR is a good
tool for ruling out Salmonella negative samples with a rapid turn around time.

BACTERIAL AEROBIC CULTURE

Animal/Source  Specimen Specimen Type Date Resulted Results

D1104558-01 Skunk 466 Lung Tissue 17-May-2011 Enterococcus faecalis Sm#
Proteus swarming - No further work
up.

D1104558-01 Skunk 466 Liver Tissue 16-May-2011 Mixed flora Sm#
Proteus swarming - No further work
up.

LEPTOSPIRA SP. - FA

Animal/Source  Specimen Specimen Type Date Resulted Results

D1104558-01 Skunk 466 Kidney Tissue 13-May-2011 No Leptospira-like organisms

detected

Salmonella PCR and Confirmation Culture

Animal/Source  Specimen Specimen Type Date Resulted Results

D1104558-01 Skunk 466 Feces 12-May-2011 Salmonella spp. detected by PCR

Clinical Pathology

URINALYSIS - VMTH-7452

Animal/Source  Specimen Specimen Type Date Resulted Results

D1104558-01 Skunk 466 Urine 25-May-2011 See Section Summary

Histology

Kidneys: diffusely cortical and medullary tubules are dilated and frequently contain numerous, variably sized translucent,
granular anisotropic crystals with frequent mineralization that do not fluoresce when examined under polarized light. The
affected tubules are often lined by either markedly swollen epithelial cells with abundant clear to vacuolated cytoplasm
(degeneration) or hypereosinophilic shrunken epithelial cells with pyknotic nuclei (necrosis). In some cases the epithelium
of affected tubules is not discernible and the crystals are apparently in contact with the tubular basement membrane
surrounded by small numbers of interstitial lymphocytes. Other tubules in both the cortex and medulla are dilated and
contain eosinophilic proteinaceous fluid, proteinic casts and sloughed epithelial cells. The interstitium is multifocally
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expanded by moderate numbers of lymphocytes and edema.

Stomach: the section is markedly autolytic to interpret microscopic lesions but there is unequivocal diffuse mineralization
of the gastric mucosa at the of the luminal half/third.

Liver: adjacent hepatocytes in some areas (patchy distribution) contain single round homogeneous eosinophilic inclusion
bodies (protein droplets?).

Skeletal muscles: there are frequent intrasarcoplasmic oval basophilic protozoal cysts containing zoites morphologically
resembling Sarcocystis sp. In some of the sections these cysts are mineralized.

Urinary bladder: diffusely the submucosa is infiltrated by moderate numbers of lymphocytes, plasma cells and fewer
neutrophils. The epithelium is absent in the majority of the section (autolysis).

Spleen: there are frequent hemosiderophages throughout the red pulp.

Sciatic nerve: there is a focal aggregate of loosely arranged lymphocytes in the perineural connective tissue. The nerve is
unremarkable.

Adrenal gland, Lymph node: unremarkable.

Lungs: there is diffuse congestion of the alveolar septa and alveoli are diffusely filled with abundant eosinophilic
proteinaceous material. The tissue is moderately autolyzed and there are frequent rod bacteria with no inflammation
associated to them (postmortem invasion/proliferation). In one of the sections there is an interstitial peribronchiolar
multiloculated cavity delineated and subdivided by fine bands of connective tissue. Each locule contains a cross or
tangential section of large adult metazoan parasites containing a pseudocoelom with digestive and reproductive organs .
The surrounding interstitium is multifocally infiltrated by small numbers of lymphocytes.

Gall bladder, Thyroid, Trachea, Esophagus, Skin, Heart, Small and Large intestines, Cerebral cortex, Cerebellum,
Brainstem, Hippocampus: autolysis/unremarkable.

Parasitology

FECAL EXAM - FLOTATION
Animal/Source  Specimen Specimen Type Date Resulted Results

D1104558-01 Skunk 466 Feces 16-May-2011 Coccidia oocysts 0-1 /LPF

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

Brodifacoum was detected in the submitted liver sample at approximately 0.2 ppm concentration. This confirms exposure,
however in absence of correlating clinical signs, especially of a coagulopathy, may not be consistent with intoxication.

Brodifacoum is a second generation, long-acting anticoagulant rodenticide that interferes with normal blood clotting as a
result of reduced concentrations of clotting factors Il, VII, IX, and X. The oral lethal dose 50 (LD50) in dogs is between 0.25
and 3.6 mg/kg bodyweight. Clinical signs of anticoagulant rodenticide toxicosis include depression, anorexia, anemia,
hematemesis, bloody feces, ataxia, weakness, and subcutaneous hemorrhages.

The detected liver heavy metal screen results are indicated. We do not have enough information available in source
literature, to interpret the heavy metal results with a degree of confidence. Overall, they appear to be non-toxic.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted

D1104558-01 Skunk 466 Liver Tissue 13-May-2011
Analyte Result Units Rep. Limit Units
Brodifacoum Positive ppm 0.01 ppm
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Bromadiolone Not Detected ppm 0.05 ppm
Chlorophacinone Not Detected ppm 0.25 ppm
Coumachlor Not Detected ppm 0.05 ppm
Difethialone Not Detected ppm 0.25 ppm
Diphacinone Not Detected ppm 0.25 ppm
Warfarin Not Detected ppm 0.05 ppm
HEAVY METAL SCREEN
Animal/Source  Specimen Specimen Type Date Resulted
D1104558-01 Skunk 466 Liver Tissue 13-May-2011
Analyte Result Units Rep. Limit Units Ref. Range
Lead Not Detected PPM 1.000 PPM
Manganese 4.5 PPM 0.040 PPM
Iron 850 PPM 0.200 PPM
Mercury Not Detected PPM 1.000 PPM
Arsenic Not Detected PPM 1 PPM
Molybdenum 0.88 PPM 0.400 PPM
Zinc 75 PPM 0.100 PPM
Copper 19 PPM 0.100 PPM
Cadmium 0.55 ppm 0.300 ppm
SELENIUM - TISSUE/OTHER Rep. Ref.
Animal/Source  Specimen Specimen Type Date Resulted Results Units Limit Range
D1104558-01 Skunk 466 Liver Tissue 13-May-2011  0.34 ppm 0.020 ppt
Virology
RABIES (YOLO COUNTY HEALTH)
Animal/Source  Specimen Specimen Type Date Resulted Results
D1104558-01 Skunk 466 Brain Tissue 11-May-2011 Negative
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Appendix - Report Related Images
UC DAVIS VETERINARY TEACHING HOSPITAL
1 GARROD DRIVE VMTH BLDG
Final Report DAVIS, CA. 95616
530-752-7380
Patient Name : X0018d D1104558 Skunk 466
Patient ID : X0018d Client : X0018D Cahfs Davis Lab Support
Species : OTHER SMALL ANIMAL Sex/Status :U Address 3 V625318 Cahfs
Breed : SKUNK Date of Birth : City,St : Davis, CA
Specimen Type : URINE(SUBM.IN RTT) - SAMPLE REC'D IN Phone 530 752 8700
History/Diag Visit# : Location
Sample ID BS3686 Specimen Received Date: 05/23/11 Clinician : No Doctor #,
Specimen Date : MAY 09 2011 Specimen Received Time: 11:39 Student/pager#
URINALYSIS
Test Name/Profile Resuit Units Reference Range Reference Graph
URINALYSIS
URINE DIPSTICK CHEMISTRIES
URINE COLLECT TYPE UnKnw
VOLUME UA 4.0 ml
FLD COLOR Straw Visual
CLARITY Opaque Visual
SPECIFIC GRAVITY 1.030 Refract
PH UA 7 Ph Units
PROTEIN UA 150 H mg/dl
GLUCOSE UA Neg mg/dl
KETONES UA Neg mg/dl
BILIRUBIN UA Neg mg/di
HEMOPROTEIN UA 150 H Ery/uL
URINE MICROSCOPIC TESTS
SEDIMENT VOLUME 0.1 ml
LIPID LAYER Neg Visuai
WBC UA Rare /HPF
RBC UA None /HPF
CRYSTALS URINE Few /HPF
TRIPLE PHOSPHATE,FEW AMORPHOUS
SQUAMOUS EPI None /HPF
TRANSITIONAL EPI Many /HPF
CAUDATE EPI Few /HPF
RENAL EPI None /HPF
HYALINE CASTS None /LPF
GRANULAR CAST None /LPF
CELLULAR CASTS None /LPF
WAXY CASTS None /LPF
BACTERIA UA None /HPF
LIPID DROPLETS None /MHPF
SPERM UA None /HPF
OTHER N/A
Reviewed by: rc Report Date: MAY 23 2011  12:21 Page 1 of 1
Entered by: rc
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California Animal Health & Food Safety CAHFS Case #:  D1104147
Referral #: PID0072345

Laboratory System il Date Collected:  04/22/2011
PO Box 1770 Ver;ri‘jn . Date Received: ~ 04/27/2011
Davis, CA 95617 Thi ot d " Case Coordinator: Robert H.
(530) 752-8700 IS report stpersedes a Poppenga, DVM, PhD, DABVT

previous reports for this case Electronically Signed and

Authorized By: Poppenga, Robert H.
on 5/17/2011 11:52:50AM

Email To: Collection Site:
WILD CARE Novato
melanie@wildcarebayarea.org

Specimens Received: 1 Liver Tissue;

Comments: 1 liver

Case Contacts

Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Report To Sergio, Maggie 415-456-7283 76 Albert Park Lane San Rafael, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901

Specimen Details

ID ID Type Taxonomy Gender Age
CAHFS Internal ID Barn Owl Adult

Laboratory Findings/Diagnosis

Anticoagulant rodenticide exposure.

Case Summary

Please note the detection of both brodifacoum and bromodiolone in the submitted liver sample. Diagnostic concentrations
consistent with a diagnosis of anticoagulant rodenticide intoxication have not been determined for avian species. In this
case, a diagnosis of intoxication would require postmortem evidence of a generalized coagulopathy (significant,
generalized hemorrhage). Based upon the history provided, a diagnosis of intoxication is not certain. However, results do
confirm exposure.

Clinical History

Dead on arrival. Head flattened likely by car post-mortem, slightly thin, necropsy shows dark discoloration of lungs, heart,
liver and kidneys. Gizzard contained mouse or rat body parts.

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

ANTICOAGULANT SCREEN

Animal/Source  Specimen Specimen Type Date Resulted

D1104147-01 0367 Liver Tissue 10-May-2011
Analyte Result Units =~ Rep. Limit Units
Brodifacoum 0.040 ppm 0.01 ppm
Bromadiolone Trace ppm 0.05 ppm
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California Animal Health & Food Safety

Laboratory System
PO Box 1770

Davis, CA 95617

(530) 752-8700

Final
Version 1
This report supersedes all
previous reports for this case

CAHFS Case #: D1102462
Referral #: PID40071997

Date Collected:  03/10/2011
Date Received: ~ 03/11/2011
Case Coordinator: Leslie Woods,
DVM, PhD, DACVP

Electronically Signed and
Authorized By: Woods, Leslie on
3/23/2011 9:28:52AM

Email To:
WILD CARE
melanie@wildcarebayarea.org

Specimens Received: 1 Carcass;
Comments: 1-carcass
Case Contacts
Bill To WILD CARE 415-456-7283 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Submitter SCHEENSTRA, DEBRA 415-893-1554 76 ALBERT PARK LANE SAN RAFAEL, CA 94901
Specimen Details
ID ID Type Taxonomy Gender Age
CAHFS Internal ID Spotted Owl Female Adult

Laboratory Findings/Diagnosis

1. Visceral gout with:
a. Coelomitis/peritonitis, pleocellular fibrinous.
b. Pericarditis/epicarditis, diffuse, heterophilic.
c. Nephrosis, multifocal, necrotizing, heterophilic with intralesional gout tophi

2. Pneumonia, multifocal necrotizing with vasculitis and intravascular microfilaria and multifocal interstitial mineralization.

Case Summary

03-26-11. Enterococcus faecium was isolated from the liver and lungs of this owl. This bacteria was not likely a primary
problem but secondary to the microfilariasis and nephrosis. This completes testing on this case.

03-14-11. This owl died of visceral gout likely secondary to nephrosis. The cause of the nephrosis was not determined. In
addition, there was necrosis and vasculitis in the lungs associated with microfilaria. Both the nephrosis and the
pneumonia were equally significant. Another report will follow when more testing is complete.

Clinical History

See attached patient record.

Foudn 3/4 on log in parking lot during the day, not flying away. Left elbow bruised. Rads= Possible dislocation.
Underweight for her species. Very quiet, calm, not aggressive. No other signs of injury. Lungs auscultated, slight
congestion noted. Doesn't handle being held/elevated well, stresses easily. Took blood for avian comprehensive panel sent
to IDEXX. Owl started labored breathing, not on oxygen.

By 3/6 labored, congested breathing worsening. 3/7 audible without stethascope.

Despite meds, tube feedings worsened daily. Never recovered. Fecal, wet mount, direct smear = all negative. Very odd
feces, very orange and also had sections that looked like fat. Included sample.

Treatments= Vit. K, Baytril, Metacam, ltra, Lasix (once), fortaz. Tube fed carnivore care.

Would like necropsy to determine what was wrong with the owl and ultimately cause of death. Also anticoagulant screen
regardless of findings for our study.

(See attached)
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Gross Observations

Bacteriology

BACTERIAL AEROBIC CULTURE

Animal/Source  Specimen Specimen Type Date Resulted Results

D1102462-01 Spotted Owl #154  Liver Tissue 16-Mar-2011 Enterococcus faecium Rare

D1102462-01 Spotted Owl #154 | ung Tissue 16-Mar-2011 Enterococcus faecium Mod#
Mixed flora

Salmonella PCR and Confirmation Culture
Animal/Source  Specimen Specimen Type Date Resulted Results

D1102462-01 Spotted Owl #154  |ntestinal Tissue 14-Mar-2011 No salmonella detected

Biotechnology

APMV-1 gRT-PCR
Animal/Source  Specimen Specimen Type Date Resulted Results

D1102462-01 Spotted Owl #154  Oropharyngeal Swab ~ 16-Mar-2011 Negative

Avian Influenza matrix gene qRT-PCR
Animal/Source  Specimen Specimen Type Date Resulted Results

D1102462-01 Spotted Owl #154  Oropharyngeal Swab ~ 16-Mar-2011 Negative

West Nile Virus (avian) gRT PCR

Animal/Source  Specimen Specimen Type Date Resulted Results
D1102462-01 Spotted Owl #154  Kidney Tissue 16-Mar-2011 Negative
Histology

Brain, sciatic nerve, adductor muscle, pectoral muscle, esophagus, trachea, thyroid, parathyroid glands, liver, kidneys,
lungs, heart, spleen, adrenal gland, proventriculus, gizzard, pancreas, intestines, thymus, ovary are examined. There are
plaques of pale basophilic amorphous matrix overlying the epicardial fat under the pericardium. There are light numbers of
mixed inflammatory cells including heterophils beneath the layer (rarely within) in the epicardium and fat. The pericardium
has these urates outside and within the sac with moderate diffuse mixed inflammatory cells (mostly foamy macrophages).
EMH is prominent in the liver. There is moderate multifocal tubular necrosis in the kidneys, some with central gout tophi
and peripheral necrotic inflammatory cells. Some tubules have scattered single necrotic cells with heterphilic infiltrates .
There are interstitial lymphocytes in the medullary rays. The serosa of the proventriculus and gizzard is expanded by
edema, mixed inflammatory cells and fibrin. Mesothelium is hypertrophic. In the lungs, there are large numbers of
nematode larvae scattered within vessels with fibrinoid necrosis of the tunica media and pockets of fibrin within air
capillaries. Similar larvae are present within the interstitium as well. Scattered vascular walls are mineraized. Some foci
with nematodes, sometimes several, are necrotic.

Toxicology

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

Brodifacoum was detected in trace amounts, confirming exposure. Quantitation of brodifacoum concentration is not
possible, at the detected low concentrations. Brodifacoum is a second generation, long-acting anticoagulant rodenticide
that interferes with normal blood clotting as a result of reduced concentrations of clotting factors I, VII, IX, and X. Clinical
signs of anticoagulant rodenticide toxicosis include depression, anorexia, anemia, hematemesis, bloody feces, ataxia,
weakness, and subcutaneous hemorrhages.

This finding needs to be correlated with clinical and histopathological findings for further interpretation.
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Animal/Source  Specimen Specimen Type Date Resulted

D1102462-01 Spotted Owl #154  |jver Tissue 18-Mar-2011
Analyte Result Units Rep. Limit Units
Brodifacoum Trace ppm 0.01 ppm
Bromadiolone Not Detected ppm 0.05 ppm
Chlorophacinone Not Detected ppm 0.25 ppm
Coumachlor Not Detected ppm 0.05 ppm
Difethialone Not Detected ppm 0.25 ppm
Diphacinone Not Detected ppm 0.25 ppm
Warfarin Not Detected ppm 0.05 ppm

Virology

CHLAMYDOPHILA FA

Animal/Source  Specimen Specimen Type Date Resulted Results

D1102462-01 Spotted Owl #154 | iver, Airsac, Spleen 17-Mar-2011 Negative
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Califomnia Animal Health & Food Safety CAHFS Cased:  D1101760
Referral &  PID& D071620

Laboratory System Final Dals Collected:  02/13/2011

PO Box 1770 Version 1 Dafe Recetved: 027222011
Drawis, CA 95617 . Case Coordinator: Snehal Tawde,
{530) 752-6700 This report supersedes all OVM

previous reports for this case Electronically 5i i and
Authorized By: Tawde, Snehal on
22477011 3:22:52PM

Email To: Collection Site:
WILD CARE
melanicivwidcarchavarag org

San leandro, CA

Specimens Received: 1 Liver Tissue,
Comments: 1 liver tissue

Case Contacts

Bl To WILD CARE 415-458-7283 T8 ALBERT PARK LAME SAMN RAFAEL, CA B4001
Submitter SCHEEMSTRA, DEBRA 415-883-1554 76 ALBERT PARK LAMNE SAM RAFAEL, CA B4001

Specimen Details

I 1D Type Taxonomy Gender Age
CAHFS Internal 1D Shounk Male At

Case Summary

Brodifacoun and Bromadiolone were detected in the submitted liver sampde, confirming exposure.

Brodifacourn 5 a second generation. long-acting anbicoagulant rodenboide that interferes with nomnal blood clotting as a
result of reduced concentrations of clotting factors [, VI X, and X Clinical signs of anticoagulant rodenticide foxicosis
mclude depression, anorexia, anemia. hematermesis, bloody feces, ataxia. weakness, and subcutaneous hemormhages.
Bromadiolone is 3 second generation, long acting anticoagquiant rodenticade. It is a witamin K antagonist and is generlly
present at 0.005% (50 ppm) by weight n baits. The oml LD5S0 for dogs has been reported to be about 11 mgiHyg body
weight (1-2 mgikg BW in rodents). it should be noted that bromadiolone has a long retention time (T1/2 of abowt 170 days)
in the body and 50 a continuous exposure of lesser amounts of bromadiclone may kead to s accurmudation and finally
result in toxicosis. Death usually ocowrs due to maltiple ntemal hemomhages. which are observed 34 days or more
following administration of a lethal dose to rats, mice and rabbits.

Clinical History

Limping, possible seizures - by side of highway., On admission not very responsive, wet and hypolhermic. Mo obvious
inpmies, no blood from any orfices. Rads nconchusive.
Treatments: fluids, metacam, Buprenex

Toxicology

Reportng Lemit (Rep. Limit): The lowest routinely quantified concentrabon of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

ANTICOAGULANT SCREEN

AnimaliSource  Specimen Specimen Type Date Resulted

D11017a9-01 115 Liver Tissue 24-Feb-2011
Amalyte Result .. ... ... Units._.____. Rep. Limit______. Units ... ...
Brodifacoum 073 Ppm 0.0 ppm
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Califomnia Animal Health & Food Safety CAHFS cased:  D1101078
Referral &  PID 007185410070

Laboratory System Final Dals Collected:  01/30/2011

PO Box 1770 Version 4 Date Recelved: 020012011
Drawis, CA 95617 . Case Coordinator: Snehal Tawde,
{530) 752-6700 This report supersedes all OVM

previous reports for this case Electronically 5i i and
Authorized By: Tawde, Snehal on
22011 3:58:23PM

Email Tao:
WILD CARE
melanicivwidcarchavarag org

Specimens Received: 1 Liver Tissue;

Case Contacts

Bl To WILD CARE 415-456-7283 76 ALBERT PARK LAME SAN RAFAEL. CA 04001
Owmer Sergio, Mapggie 415-458-7283 76 Albert Park Lane San Rafael, CA 84801
Submitter SCHEEMSTRA, DEBRA 415-883-1554 76 ALBERT PARK LAME SAN RAFAEL, CA B4001

Specimen Details

I 1D Type Taxonomy Gender Age
CAHFS Internal 1D Gray Fox Male At

Case Summary

Brodifacoumn was detected in the submitied liver sample, along with traces of Bromadiolone and Difethialone.

Brodifacourn 5 a second generation. long-acting anbicoagulant rodenboide that interferes with nomnal blood clotting as a
result of reduced concenirations of clotting factors Il, VIl [¥, and X. The oral kethal dose 50 (LD50) in dogs is behtween 025
and 38 mgky bodyweight. Clinical signs of anBcoagulant rodenticide foxicosis include depression, anoresia, anemia,
hematemesis, bloody feces. ataxia, weakness, and subcutanecirs hemomhages. Bromadiclone is a second generation.
long actng anticoagulant rodenBcide. It is a wvitamin K antagonist and & genermlly present at 0U005% (50 ppm) by weight
in baits. The oral LOS0 for dogs has been reported to be about 11 mgiKg body weight {1-2 mg'kg BW in rodents). Thus, a
10 kg dog would have to eat about 110 mpg bromadiolone to result in intoxication. it should be noted that bromadiclons has
a long retenton time (T1/2 of abowt 170 days) in the body and so a continuous exposure of lesser amounts of
bromadiolone may lead to its accumulation and finally result in toxicosis. Death usually occwrs due to mudtiple intemal
hemorhapges, which are observed 34 days or more following administration of a lethal dose to rats, mice and rabbits .
Difethialone is a second generation anticoagulant rnedenticide as well.

These findings need o be comelated with necropsy data and coagulopathic findings in order to reach a definitive diagnosis
of anticoagulant redenficide intoxication.

Clinical History

Came in wery quiet eyes glazed, litle pupd response, breathing and heart beat a bit rapid. front legs stif.
Treatments: Gawve [V fluids, atropne, Vitamin K-

{See attached Intake Exam Motes).

Toxicology

Reportng Lemit (Rep. Limit): The lowest routinely quantified concentrabon of an analyte in a sample. The analyte may be
detected, but not quantified, at concentrations below the reporting limit.

ANTICOAGULANT SCREEM
AnimaliSource  Specimen Specimen Type Date Resulted
D1101073-01 ooro Liver Tissue 0E-Feb-2011
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Analyte . Result ... Upits . _____ Rep. Limit______. Unpis ...
Brodifacoum 0.080 P 0.0 pom
Bromadiolons Trace Ppm 0.05 Ppm
Chiorophacinone Mot Detected pom 0.25 pom
Coumachlor Mot Detected ppm D.05 ppm
Difethizlone Trace ppm 0.25 ppm
Diphacinone Mot Detected P 0.25 pom
Warfarin Mot Detected ppm D.05 pom
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Date CID#| WCPID Species Test Mame Analyte Results Units | Range
102011 (0005 |PIDOOFAIT1S || Turkey Vulture [|AMTICCAGULANT SCREEMN |Brodifacoum 0.070 ppm 0.01
1M 02011 (0008 [PIDOOFAT1S | Turkey Vulture [ANTICOAGULANT SCREEN |Bromadiolone Trace pPpm 0.05
1M 02011 (0005 [PIDOOFAT1S | Turkey Vulture [ANTICOAGULANT SCREEN |Chlorophacinone Mot Detected |ppm 0.25
102011 |0005  |PIDOOFAIT1S | Turkey Vulture [AMTICCAGULANT SCREEMN |Coumachlor Mot Detected |ppm 0.05
102011 (0005 |PIDOOFIT1S || Turkey Vulture |AMTICOAGULANT SCREEM |Difethialone Mot Detected |ppm 0.25
102011 |0005  |PIDOOFAIT1S | Turkey Vulture [|AMTICCAGULANT SCREEMN |Diphacinone Mot Detected |ppm 0.25
102011 |0005  |PIDOOFIT1S | Turkey Vulture [AMTICCAGULANT SCREEM Warfarin Mot Detected |ppm 0.05
1M 02010 {0005 |PIDOOYIT1S || Turkey Vulture |[REFPORT FIMAL






Califomia Animal Health & Food Safety CAHFS Case s  D1012203
Referral & PID DOT1627

Laboratory System - Dats Collscted:  12/07/2010

PO Box 1770 Version 1 Date Recslved: 120082010

Drawis, CA 95617 . Case Coordinator: Federico Giannitti

{530) 752-8700 This report supersedes all Blectronically Signed and iann
previous reports for this case

Authorized By: Giannitti, Federico on
12002010 11:37-26AM

Email To:
WILD CARE

melaniefwidcarcbayarea ong

Specimens Received: 1 Carcass;

Case Contacts

Bl To WILD CARE 415-458-7283 T8 ALBERT PARK LAME SAMN RAFAEL, CA B4001
Submitter SCHEEMSTRA, DEBRA 415-883-1554 76 ALBERT PARK LAMNE SAM RAFAEL, CA B4001

Specimen Details

I 1D Type Taxonomy Gender Age
CAHFS Internal 1D Racooon

Laboratory Findings/Diagnosis

Pathological findings:

i- Lung: alveolar hemomhage and edema, extensive. acute. marked. Cawse undetermined (Possibée anBooagulant
poisoning), Bromadiclone detected in liver see case summary.

2- Mesenteric lymph node: lymphadenitis, multifocal, histiocytic and eosinophilic, chronic, moderate with infralesional
3 Bran (medulla oblongata and spinal cord-C1): meningitis. muitifocal, eosinophilic, mild. Streptococcus  dysgalactze
spp. equisimilis isolated.

4 Siomach (wmica submucosa, muscularis and adventiial gasiitis, eosinophilic, diffuse, moderate and focal
calcareous granuloma. Eiology likely parasitic (see case summary).

Incidental findings:

1- Small miestine:

a. ententis, mulfocal, gamdomatows, with mineralization and occasional intralesional nematode lavae.  Etiology:
Mematode larvae.

b, numerous intrakeminal adult nematodes. Eticlogy: Baylisascaris procyonis.

2- Lamge intestine: entertis (cryptitis), ecsinophilic, multfocal, mild with inacellular protozoa. Etiology  consishent with
Emmena spp. Coccidia oooysts detected in feces.

3 Lung: pneumonia, interstitial. granulomatous, focal. mild. with inralesional nematode larvae. Etology: Nematode
Larvae.

Addiional diagnostic tests:
i- Brain: Rabies negative by FA.
2-  Ascand and Capllana eggs detected in feces.

Case Summary

123002010:
The Salmonella strain isolated from the mesenteric lymph node 5 serolype Enteritidis. AN tests are now completed on
this submission.

122010

The most significant finding that may esplan the death is marked and acute pulmonary (alveclar) hemomhage. The
cause is uncertain.  Relatively low levels of the anticoaguliant rodenticide bromadiclone were detected in liver. which
indicates exposure to this compound and bromadiclone fedeity is 3 possible cauwse for the acute ung hemorhage.
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Howewver the toxicologist Dr. Poppenga comments that there is not an established toxic concentration for this speces .,
and thus this finding mndicates exposure, but not necessanly inbosicaion (see Toxicology section of this report). He
proposes to rule out intoxication with another anticoagulant, zinc phosphede, which is usually related with padmonary
hemomhage. Detecon of zine phosphide is available at CAHFS upon request for an additional charge of $50.-

There were several additonal significant findings but ther significance and role with respect to death are uncertain .
Salmonella spp. group D1 was isolated from the grossly enlanged mesenterc lymph node and bactenal colonies werne
seen histologicaly. However the Salmonella was not isolated from the intestingl tract and there was nothing seen in the
intestinal tract o supgpest enteric Salmonellosis. Serotyping of the isolated sirain is pending. However there was
significant ecsinophilic inflammation  within  this same lymph node as well as in the stomach, intesBines, meninges
(medulla oblongata). skeletal musde and mesenteric lymph node. | assume this may be secondary to parasite lanval
migration. The finding of granulomas with inralesional mematode lavae n e lungs and submucosa of the small
intestine also support this theory.

The nematode Baylisascans procyonis was wentified in the ntestinal fract This 5 a common parasite of raccoons that
can cause a senows form of visceral lana migrans in a wide range of hosts, including man.

Addiionally Streptococcus dysgalactiae spp. equisimilis was solated in moderate numbers from a bran  (meningeal)
swab and a rmultifocal moderate meningitis was found histologically. However the inflammatory infiltrate in the meninges
is almost purely ecsinophilic, which is wery unusual for a bacterial efiology.

In summary then, death most Bkely occwmed from the acute pulmonary hemomhage and edema but the cause is
uncertain. The raccoon also had systemic eosmophilic infammatory disease, possibly due to systemic parasitism of
unknown origin, 3 Salmonella infection of unknown significance as well as the identification of Streptococcal bactena in
the meninges.

12|01

The most significant gross finding in this raccoon is marked, diffuse pulmonary congestion and edema. Several
diagnostic  tests  including  bactenclogy, histology and Rabies FA are underway. In addiion heawy metal and
anficoagulant screens and strychnine detection as requested will be conducted once negatve Rabies results are
received from Public Health.

There & moderate intestinal nematodiasis in this animal. Althowgh | considered this is an incidental finding, since
raccoons are common hosts of Baylisascans spp. and gwen the zoonotic potenfial of this parasite it would be interesting
o further identify these nematodes. Unforhenately parasite ID is not avadable at CAHFS. howewer | can denve the
sampdes o the UG Davis VIMTH for an additional charge of $40.- (upon request).

An updated report will be forthcoming.

Clinical History

See attached patient record from WildCare attached to CAHFS submission form.
Treatments: (L5 oo Valium IM @6PM and 1.3 cc Tamadol PO @ 8Pm 1248,

Gross Observations

Mecropsy of an adult (per history]) male raccoon is performed on December 8th, 2010. The carcass is well fieshed, has
adequate reserves of body fat and tissues are in a good state of postmortem presenation.

Baoth hungs are diffusely dark red and wet [pulmonary congestion and edema).

The stomach, dwodenum, jejunum and dewem are devoid of feed material or contents. There are moderate mumbers
{approximately 15-20) of white rmoundworms (nematodes) ranging from 5 to 12 cm long by 02305 cm wadth within the
lemen of the jejunum. There is relative enlargement of one anmterior mesentenc lymph node, measuring 4 X 3 om, is cut
section & unremarkable. The colon contents are light green and watery.

The winary bladder s distended by abundant Bght yellow and slightly cloudy wine.

cawvity and skin ane grossly unremarkable incheding cose exam of the foot pads, nares and conjunctiva.
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Bacteriology

BACTERIAL AFROBIC CULTURE
AnimaliSource  Specimen Specimen Type Date Resulted Results
D101:2303-M Raccoon #1602 Liver Tissue 14 Dec2010 Mo growth after 48 hours
D1012303-01 Raccoon #1802 Mesenteric Lymph 14-Dec-2010  Samonella group D1 Lg#
Mode Tissue
D1012303-01 Raccoon# 1802 Lung Tissue 14Dec-2010 Mo growth afier 48 hours
D101.2303-01 Raccoon #1602 Brain Swab 14Dec-2010  Streptococcus dysgalactiae ssp.
equisimilis Mod#
581 MONELLA CULTURE - MAMMAL IAN
AnimaliSource  Specimen Specimen Type Date Resulted Results
D101.2303-01 Raccoon #1602 Colon Tissue 150ec-2010  Sdmonella sp. detected - Group D1
5A1 MONELLA SEROTYPING
AnimaliSource  Specimen Specimen Type Date Resulted Results
D1012303-01 Raccoon # 1602 Mesenteric Lymph 3-Dec-2010 5. Enterifidis

MNode Tssue

Histology

Medulla oblongata and spinal cord (C1) the meninges in the wentral aspect of the medial ne are multi focally infitrated
by moderate numbers of ecsinophils.

Cerebellum: there is mibd madtifocal hemomhage in the white matter (ikely terminal).

Mesenteric lymph node:  infilrating the capsule with a predominant perivascular distribution there are abundant
epsinophils and fewer hymphocytes. The hmphoid folides throughout the corbex occasionally contain a  prominent
germinal center and rare  monomonphic  baclenal colonies  (bacillil. The paracortical and medullary sinuses  are
expanded by wanable numbers of histiocytes and ecsnophils.

Skeletal muscle: the perivascular interstitem s multfocally and rarely infiltrated by few eosinophils.

Lwrey: abveoli and occasional bronchioles are multifocally filled with moderate members of erythrocytes  (hemorhage).
epsinophilic  proteinacecwus  fluid  (edema) and rare  alveolar macrophages. There are moderate numbers  of
hemosiderin-laden macrophages in the connective tisue amound larger bronchi and focally arownd a single arfery.
Focally expanding the inferstiium there is a single granuloma composed of moderate numbers of  epithelioid
macrophages and fewer hymphooytes sumounding two ooss sections of round (approsimately 100 microns) nematode
lanae, exiemally swmounded by a thin capsule of connective fissue. The alveolar septa are mulifocally thickensd by
moderate numbers of enythrocytes (congesiion).

Siomach: drﬁmewinﬂringﬂepeﬁvaﬁmlaﬁmnemmmhemm,mmmmbﬁ
frequently the sercsa there are moderate numbers of eosinophils. Expanding #he conneclive fssue separating the
mtemal and extemal tunica muscularis there is a granuloma composed of a cenfral area of basophilic amorphous
granular material (mineralization) surrounded by a single multinucleated giant cells, few lymphocytes and macrophages
and a thin delicate capsule of connective Sssue (calcareous granulemal.

Small mtestine: within the lumen in several sections there are cross seclions of large adult metazcan parasies with an
external cutice, body cavity, musculature and digestive tract (nematodes). Thers is a nematode lanae surmounded by
multnudeated giant cells and moderate numbers of lymphocytes i the submucosa, and a single cabcareous granuloma
{as previously described in the stomach) is present in the submucosa in the same section.

Large intestine: rare crypis are dilated, Bned by attenuated epithelium and filled with low numbers of neutrophils and

eosinophils. In a focal area a group of abowt 10 entemeytes are markedly enlarged and distended by abandant
intracytoplasmic  protozoal organisms  (zoites). The [amina propria & mildly expanded by moderate numbers of
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Liver: rare portal areas are infiltated by low numbers. of eosinophils and fewer ymphocytes.
Pancreas: the periphery of the mesenteric blood vessels is multifocally infilrated by moderate nembers of eosinophils.
Cerebral cortex. Hippocampus, Bramstem, Spinal cord (middle and caudal cenvical, thoracic, lumbar and sacral

portions), Conjunctive, Paw pad, Tongue, Esophagus, Trachea. Heart, Thymus, Spleen, Hidneys, Thyrosd, Adrenal
gland: unremarkable.

Parasitology

ENDOPARASITE
ECTOPARASITES (ONE PROCEDURE}VMTH-8351

AnimaliSource  Specimen Specimen Type Date Resulted Results

D101.2303-01 Raccoon #1802 Endoparasite 2 Dec-2010  See Discipline Summary
FECAL EXAM - FLOTATION

AnimaliSowrce  Specimen Specimen Type Date Resulted Results

D1012303-01 Raccoon# 1802  Colon Tissue 14-Dec-2010  Ascarid eggs 4-5 LPF

Coceidia oooysts 1-2 LPF
Capillaria eggs 0-1 LPF

Toxicology

Reportng Limit (Rep. Lmit): The kwest roufinely quantfied concentration of an analyte in a sample. The analyte may
b= detected. but not quaniified, at concentrations below the reporting limit.

The detected liver copper seems hagh, but we do not have established liwer mineral reference ranges for this species. A
“nommal” Bver copper concentraion range obtained from one source is 5 to 40 ppm. The other detected liver mineral
results are within acceptable or non-diagnostic ranges for this species.

The detected liver witarmin E appears to be within an acceptable range.

Please note the positive anticoagulant rodenticide reswults. The detecled wvalues are relatively low and unforunately we
do not have estsblished "odc” concentrations for most species. The detected B certainly consistent with exposmre and
n the presence of postmoriem ewidence of a coagulopathy, consistent with intoxicabon. In this case, | would probably
suggest ruling out exposure to another rodenticsde, zine phosphide, since intomication &= associated with wet, congested
and hemomhagic kngs. However, i there is cear evidence of hemomhage i the lungs, then the detection of the two
anticoagulants is ikely to be significant.

ANTICOAGULANT SCREEN

AnimaliSource  Specimen Specimen Type Date Resulted
D1012303-01 Raccoon #1802 Liver Tissue 15-Dec-2010
Analyte ] Result ... Unmits ______. Rep. Limit Units . ...
Brodifacoum 0030 ppm 0.0 ppm
Bromadiolone Trace Ppm 0.05 PRm
Chicrophacinone Mot Detected ppm 025 ppm
Coumachlor Not Detected ppm 0.05 ppm
Difethialone Not Detected ppm 0.25 ppm
Diphacinone Mot Detected ppm 0.25 ppm

Feport £{v[FCAHFS Biamdsrd Report- 6212010 Fage dof 5





CAHFS Final Version 1

Decemiber 30, 2010

Warfarin Mot Detected P 0.05 pom
HEAWY METAL SCREEN
AnimaliSource  Specimen Specimen Type Date Resulied
0101230301 Raccoon # 1802 Liver Tissue 14-Dec-2010

Analyte . Besult . Upits._______ Rep. Limit ______ Upits_____ Ref. Range .

Lead Mot Detected PPM 1 PPM

Manganese 22 FPM 0.04 PPM

ron 320 PPM 02 PPM

Mercury Mot Detected PPM 1 PPM

Arsenic Mot Detectked PPM 1 PPM

Molybdenum 076 PPM 04 PPM

Tinc A1 FPM o1 PPM

Copper o PPM o1 PPM

Cadmium Mot Detected ppm 0.3 ppm
SELENILM - TISSUEMTHER Rep. Ref.
AnimaliSource  Specimen Specimen Type Date Resulted Results Units Limnit Range
D101.2303-01 Raccoon #1602 Liver Tissue 14-Dec-2010 1.2 pom 0.020 ppr
STRYCHMINE Rep.
AnimaliSource  Specimen Specimen Type Date Resulted Results Units Limat
D1012303-01 Raccoon# 1802 Sipmach Contents 14Dec-2010 MotDetected  ppm 1
VITAMIN E Rep.
AnimaliSowrce  Specimen Specimen Type Date Resulted Results Units Limnit:
D1012303-01 Raccoon # 1602 Liver Tissue 13 Dec-2010 05 pom 1.0 ppm

Virology

RABIES [YOLO COUNTY HEALTH)
AnimaliSowrce  Specimen Specimen Type Date Resulted Results
0101230301 Raccoon # 1002 Brain Tissue 02-Dec-2010 Megative
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Califomia Animal Health & Food Safety CAHFS Case#:  D1012001
Referral #  Rodenticide Study PIDEMT15

Laboratory System Date Collected:  12001/2010

PO BoX 1770 ‘m_"m1" Date Recsived: 121022010

Dawis, CASSETT . Case Coordinator: Asli Mete. DWVM,
{530) 752-6700 This report supersedes all PhD :

previous reports for this case Electronically Signed and
Authorized By: Mete, Asli on
12M5/2010 5:08:42PM

Email To: Collection Site:
WILD CARE SAM RAFAEL

melanie@widcarehayarea org

Case Contacts

Bl To WILD CARE 415-458-7283 T8 ALBERT PARK LAME SAMN RAFAEL, CA B4001
Submitier SCHEEMSTRA, DEBRA 415-883-1554 78 ALBERT PARK LAME SAMN RAFAEL, CA B4001

Specimen Details

I 1D Type Taxonomy Gender Age
1584 Linkmowm Opossum Femals At

Laboratory Findings/Diagnosis

Coagulopathy, body as a whole, anticoagulant rodenticide detected in the ver.
Bactenal valcular endocanditis and systemic bactenal infection: Strep gallinacews isolated.

- Heart: Severe diffuse subacute valvular endocarditis, fibrinosuppurative, with severe iniralesional bacteria.

- Heart: Severs diffuse neutrophilic, hisbooytic myocarditis and myocandial necrosis.

- Liver: Multifocal random acute pleocellular hepatitis and necrosis with intralesional bacteria.

- Kidneys: Multifocal infralesional bacterial colonies, acute tubular necrosis and granular pigmentany casts.

- Lungs: Difuse interstiial pneumonia. mild, with marked pulmonary lungworms, Didelphostrongylus hayesi  species
presumptive.

- Brain: Severe multifocal meningoencephalitis and necrosis.

- Lymiph nodes: Multifocal acute neutrophilic lymphadenitis and necnosis.

Case Summary

121510
| would like to sitress on the tomicological findings of rodenticide determinaion as well. Anficoagulant rodenticides are
detected in this opossum, and indicate todcity due to the coagulopathy observed on gross examination.

12510

First of all | would like to thank you for the phone call on information regarding the good health status and condition this
CROESAET Was in when you found him, consistent with possible human interaction.

The sequencing of the bacteria revealed Sirep gallinacews. This pathogen is known to cause bacteremia, sephbicemis
and endocanditis mostly in broiler chickens. There are howewer m@re sporadic reports in hwemans and speculation that
meminants may be camers of this omganism. In this case, it is Bkely that the opossum had contact with a camer or mone
likely with chickens. andor humans.

This concludes the case.

1RO7 M

Severe vabedar endocarditis = detected on  the  histopathology of this opossem with sewere bacteremia and
inflammmation in the spleen, ver, kidneys and partially in the lungs. Strep. sp. is isolated from muliple tisswes.

Opossums hawve been used as an experimental model for human valular endocarditis shedies. This s due to the high
prevalence of disease in opossums but only in animals i captivity rather than in wildlife, with agan humans as the
ongnal source of the causative agents [usually bactera, rarely fungi). Strepiocoecus vindans has been associated with
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high pathogenicity causing severs endocarditis in these animals. In this case, it i wery nteresting that this was a wild
caught animal. The Sireptococcus isolated could not be speciated with the kits we hawe and PCR analysis is pending to
reveal the type.

The kmg worms were extensive as well and are most compatible with the strongyle species commonly obsenved in
opossums (D hayesi)

120310

Widespread hemomhages are obsereed  throughout the organs, including the muescle, gasimintestinal tact  and
subcutaneous fisswes in this opossem. Vanous efidogies are under investigaion with the primary search mwoling a
rodenticide screening. The results will be forwarded as completed.

Clinical History

See attached patient record. Infake 1/30. Had been seen in yard by finder in moming. Sl there in aftermoon so brought
her in at 3PM. Suspected hit by car. Opossum is in great physical shape-weight, fur, teeth, sic. = healthy WHL
presented constanty shaking or all 4™s, weak in back end at times. Some small scrapes on front toes, but othenase no
mpmes seen, so not suspecting hit by car anymore. Pupils both pin pomnt constricted, not responding to light.  Clenching
front feet, front feet cold, fleas.

Swrvey rads= M5F excapt diaphragm not chear, straight border ke should be.

Treated w healing pad, copgen x 30 min. 2 4cc Atropine 50, 2.8cc Vit K 50, 0.4cc Tramadol PO< 0.5cc Valium M.

At § pm was still remblingfweak on feet, leaning against cage wall trying o eat. but couldn pick up /chew small pieces.
Gave flat dis of canned cat food slurmy from blender and hse lapped it up, but with difficulty.

121 was dead in cage in moming.

Suspect she ate something poisonous, snal bait strychnine, eic or possibly secondary poisoning from eating poisoned
rodent? Would like to find out cause of death.

{Attached is a copy of Intake Exam from WildCare).. mkg-Case Reporting.

Gross Observations

Examined s the carcass of a female opossum i good nubitional body condiion and mid .
featwres are wremarkabde. There is some subdural hemomhage in the dorsal cranmem. The lateral skin of the fore
have ecchymobc hemomhages. Subcutanecusly, there are coalescing ecchymotic hemorhages throughout the
and throughout the muscle Bssues overlying the mbs.  in the diaphragm and perfonewsm. Hemomhages are observed
the lungs, approdimately as 2 mm-diameter foci. The epicardium is coated with dark red coslescing patches of
hemomhages. The spleen and the serosal swface of the intestinal tract thoroughly contain multifecal hemomhages. The
winary bladder s full and the urine has a dark red-brown discoloration. In the stomach there are 4 cunved, nematods
parasites (Baylisascaris procyonis) and there s a moderate amount of green-black discolored liquidy contents. The
mucosal surface of the stomach and the urinary bladder are covered with petechiations. There is an enhanced reticular
pattern of the liver. There are formed feces in the distal colon and rechem and the small intestines. have scanty contents.

Bacteriology

Sequencing of 185 RMA identified the organism as Streptococcus gallinacews | 10075 identity).

BACTERIAL AEROBIC CULTURE

AnimaliSource  Specimen Specimen Type Date Resulted  Results

1504 1564 Liver Tissue 0E-Dec-2010 Strepbococcus sp. Rare
1584 1584 Lung Tissue 05-Dec-2010  Streplococcus sp. Mod#
DNA SEGUENCE ANALYSIS

AnimaliSource  Specimen Specimen Type Date Resulted Results

1584 1584 Lungg Tissue 15-Dec-2010 See Discipline Summary

Histology

Examined are secbons of adrenal gland, ymph node, penpheral nermee, brain, tachea. esophagus. lungs, heart,
pancreas, liver, kidney, spleen, skeletal muscle, stomach, small intestines, and large intestines (T 11):
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There is sewere widespread myocardiis and cardiomyocyte necrosis. Degenerate and non-degenerate neutrophis,
eosinophils, hisbocytes separate and sumound growps of cardiomyocytes in regonally extensive to confluent areas. In
some larger regions, there is fibrinoid depositions in e necrobc regions. The cardiomyocytes are sewersly degenerate
and necrotic with wacuolaon or fragmentabon of the sarcoplasm, hyperecsinophilia, shrunken with  pyknosis,
karyomhexis and somefimes mineralization. There B a severe wvalmdar endocarditis. The walve is expanded and
cbliterated by dense neutrophilic histocytic infltrates, fibin, edema and hemomhage and sevemly compromised by
abamdant fibin deposits overying the endocardial =wface with extensive bactenal implantation and colonies.  Similar
bacteria are observed in the adrenal gland in multiple regions. The splenic capsular surface i tombstoning  (reactiee
mesothelium; pertonitis presumptive) and there are =amilar bacteria located in the wvasculature of the spleen. Wide foci
of mecrosis are prominentty dispersed m the red pulp. The regions sumonding the wvessels with the bactera are
homogenously ecsiophilic with stippling of karyomehotic debris  (necrosis, liquefactive). Multfocal randomly, and some
times cenmlobularly or periporially, the hepaiocytic parenchyma is  sewerely disturbed by widespread infilirating
leukocytes and wvery promment acute necrofic focd. There are occasional wessels with intralesional coccobacilli as
observed in other fissues. Simillar bacteria are observed in the kidneys and the glomerular tufts of inberstitial
vasculature, multifocally. Many tubules confain brown tinged gramudar pigment in the hemen with or withowt neutrophils .
The medullary tubwles are more severely affected and are often dismepted by neutrophilic inflirates. There is guite a bit
of hemomhage and the bacteria are more prominent here in the collecting ducts as well, extending towards the renal
peedvis.

Severe pervascular cuffing and hemomrhages are ocbserved in the brain sections.  Multifocally, ghotic nodules are
apparent in e newal parenchyma with necrosis and karyomhexis and degenerate leukocytic infiltrates (mosty
neutrophilic). Samilar infiltrates expand and obliterate the meninges m multiple regions.  Mulifocal hemormhages  are
apparent in the adrenal cortex with small multfocal neutrophific and histiocytic infiltates. The ymph nodes demonstrate
diffuse expansion of the medullary simses by neutrophids and histocytes and mulifocally there are inflammatory foc
with necrosis (karyomhexis, fibrin, hyperecsinophilic, shrunken cell, degenerate leukocytes). There s no geminal cenber
formation.

In the hmgs, there is a diffuse thickening of the interstitial septa and consolidation of some air spaces due fo
keukocytic  infilrates; neutrophils, depgenerate and non-degenerate, histiocytes, eosinophils with fewer lymphooytes and
plasma cells. There also appears to be some smooth muscle cell hyperplasia in some regions. Multifocally within the
amwEys, there are at least a dozen ooss-secbons of nematode parasies (Didelphostrongyhes hayesi  presumptive ).
These parasies are characterized by a smooth cutide, a pseudocoelom, a lange gastrointesinal tract and female or
male reproductive fract. There are many multinucleate giant cells and macrophages with ecsinophils within a fibrinous
effusion in some parts. Thers is multifocal Type | pneumocyte hyperplasia and hyperrophy.  In the liver there i diffuse
portal hepatitis and focal granulomatous hepatitis with intralesional parasite larval migration.

Parasitology

FECAL EXAM - FLOTATION
AnimaliSowrce  Specimen Specimen Type Date Resulted Results

1584 1584 Feces 02-Dec-2010 Mo parasite eggs detectad

Toxicology

Reportng Limit (Rep. Lmit): The kwest roufinely quantfied concentration of an analyte in a sample. The analyte may
b= detected. but not quaniified, at concentrations below the reporting limit.

Please note the posiive anticoagulant rodenticide (AR) results.  We do not hawve liver AR concentrations ranges that are
diggnostic for intoxication. Howewver, if there was postmortem evidence of a coagulopathy, the detection of one or mone
AR is consistent with intoxication. In the absence of such ewidence, their detechion is consistent with exposure.  The
postmortern findings in this case are consistent with AR imtoxication .

ANTICOAGULANT SCREEN

AnimaliSource  Specimen Specimen Type Date Resulted

1584 1584 Liwer Tissue 10-Dec-2010
Analyte ] Result ... Units . Rep. Limit Units ... ...
Brodifacoum 041 ppm 0.0 ppm
Bromadinlone Trace Poem 0.05 Ppm
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Chionophacinone Mot Detected pEm 0.25 ppm
Cipusmachlor Mot Detected ppm 0.05 ppm
Difethialons Mot Detected ppm 025 ppm
Diphacinone Mot Detected P 0.25 pom
Warfarin Mot Detected ppm 0.05 ppm
Virology

RABIES [YOLO COUNTY HEALTH)

AnimaliSource  Specimen Specimen Type Date Resulted Results

1584 1584 Brain Tissue 3 Dec-2010  Megatve
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IDEXX VetConnect 1-888-433-9987

Client: WILDCARE Date: 6/11/2010 Requisition #: WILDCARE
Patient: Gender: 7666530 P.0. BOX 150930
RTHAWK706 Weight: Accession #: 76 ALBERT PARK
Species: ARTHAWK Age: 2M B7672210 LANE

Breed: RT HAWK Ordered by: 1-415-454-6961

ANTICOAGULANT SCREEN

Brodifacoum 0.170 ppm
Bromadiolone <0.02 ppm
Chlorphacinone <0.2 ppm
Coumafuryl <1.0 ppm
Coumachlor <0.02 ppm
Diphacinone <0.2 ppm
Warfarin <0.02 ppm
Difenacoum <0.02 ppm

Difethialone <0.07 ppm





IDEXX VetConnect
Client: WILDCARE
Patient: 730 FOX
Species: CANINE
Breed: FOX

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Difenacoum
Difethialone

Date: 6/9/2009
Gender:
Weight:

Age:

0.002 ppm
<0.02 ppm
<0.2 ppm
<0.1 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.02 ppm
<0.07 ppm

1-888-433-9987
Requisition #:
7666562

Accession #:
A1675985

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961





IDEXX VetConnect
Client: WILDCARE
Patient: OPOSSUM

76

Species:

Breed: OPOSSUM

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Pindone
Difenacoum
Difethialone

Valone *

Comments:

Date: 2/12/2009
Gender: MALE
Weight:

Age:

0.216 ppm
<0.02 ppm
<0.2 ppm
<1.0 ppm
<0.02 ppm
<0.2 ppm
<0.2 ppm
<0.2 ppm
<0.02 ppm
<0.07 ppm
<0.2 ppm

1-888-433-9987
Requisition #:
7666558

Accession #:
P5133986

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961

1. The liver sample tested positive for Brodifacoum. Provided
this animal died of a bleeding disorder, these results

confirm a diagnosis of Brodifacoum poisoning.

Referral test performed at Michigan State University.





IDEXX VetConnect
Client: UNKN

Patient: BARN OWL

50

Species: ABARNOWL

Breed:

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Pindone
Difenacoum
Difethialone

Valone *

Comments:

Date: 1/31/2009
Gender:
Weight:

Age:

0.079 ppm
<0.02 ppm
<0.2 ppm
<1.0 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.07 ppm
<0.2 ppm

1-888-433-9987
Requisition #:
7666555

Accession #:
B9548281

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961

1. The liver tested positive for Brodifacoum. These results
support a diagnosis of Brodifacoum poisoning, provided the
bird died of bleeding.

Referral test performed at Michigan State University.





IDEXX VetConnect
Client: WILDCARE
Patient: GH OWL

1654

Species: AVIAN

Breed:

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Pindone
Difenacoum
Difethialone

Valone *

Comments:

Date: 10/21/2008
Gender: FEMALE
Weight:

Age:

0.128 ppm
0.05 ppm
<0.02 ppm
<1.0 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.07 ppm
<0.2 ppm

1-888-433-9987
Requisition #:
7666600

Accession #:
B7992747

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961

1. The liver sample tested postivie for Brodifacoum and
Bromadialone. These are long acting anticoagulant
rodenticides. These results support a diagnosis of
Brodifacoum and Bromadiolone poisoning.

Referral test performed at Michigan State University.





IDEXX VetConnect
Client: WILDCARE
Patient: HAWK 1601
Species: AHAWKGEN
Breed: RED

SHOULDER

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Pindone
Difenacoum
Difethialone

Valone *

Comments:

Date: 10/7/2008
Gender:
Weight:

Age:

0.218 ppm
<0.02 ppm
<0.2 ppm
<1.0 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.07 ppm
<0.2 ppm

1-888-433-9987
Requisition #:
7666501

Accession #:
B7762362

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961

1. There was a trace of brodifacoum. This rodenticide has an
LD50 orally in male, female field rats: 0.16,0.18 mg/kg

(Merck Index,

2001).

Referral test performed at Michigan State University.





IDEXX VetConnect
Client: WILDCARE
Patient: COOPERS
HAWK

Species: AHAWKGEN

Breed:

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Pindone
Difenacoum
Difethialone

Valone *

Comments:

Date: 7/7/2007
Gender:
Weight:

Age:

0.003 ppm
<0.02 ppm
<0.2 ppm
<1.0 ppm
<0.02 ppm
<0.2 ppm
<0.2 ppm
<0.2 ppm
<0.02 ppm
<0.07 ppm
<0.2 ppm

1-888-433-9987
Requisition #:
4570898

Accession #:
B0050924

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961

1. The liver sample tested positive for brodifacoum, a second
generation anticoagulant rodenticide.

Referral test performed at Michigan State University.





IDEXX VetConnect
Client: UNK

Patient:
REDSHOULDERHA
Species: AVIAN

Breed:

ANTICOAGULANT SCREEN

Brodifacoum
Bromadiolone
Chlorphacinone
Coumafuryl
Coumachlor
Diphacinone
Warfarin
Pindone
Difenacoum
Difethialone

Valone *

Comments:

Date: 3/24/2007
Gender:
Weight:

Age:

0.047 ppm
<0.02 ppm
<0.2 ppm
<1.0 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.2 ppm
<0.02 ppm
<0.07 ppm
<0.2 ppm

1-888-433-9987
Requisition #:
4570812

Accession #:
A8293259

Ordered by:

WILDCARE

P.0. BOX 150930
76 ALBERT PARK
LANE
1-415-454-6961

1. Liver sample tested positive for a moderate amount of
Broadifacoum, a potent anticoagulant rodenticide compound.

Referral test performed at Michigan State University.





IDEXX VetConnect 1-888-433-9987

Client: WI Date: 3/10/2007 Requisition #: WILDCARE
Patient: BARN OWL Gender: FEMALE 4570811 P.O. BOX 150930
Species: ABARNOWL Weight: Accession #: 76 ALBERT PARK
Breed: Age: A8063992 LANE
Ordered by: 1-415-454-6961

ANTICOAGULANT SCREEN

Brodifacoum 0.040 ppm

Bromadiolone <0.02 ppm

Chlorphacinone <0.2 ppm

Coumafuryl <1.0 ppm

Coumachlor <0.02 ppm

Diphacinone <0.2 ppm

Warfarin <0.02 ppm

Pindone <0.2 ppm

Difenacoum <0.02 ppm

Difethialone <0.07 ppm

Valone * <0.2 ppm

Comments:

1. Sample tested positive for a moderate amount of brodifacoum.
Broadifacoum is a potent second generation anticoagulant
rodenticide compound. These results should be interpreted in
conjunction with gross findings.

Referral test performed at Michigan State University.





IDEXX VetConnect 1-888-433-9987

Client: WILDCARE Date: 12/3/2006 Requisition #: WILDCARE
Patient: RT HAWK Gender: FEMALE 1884078 P.O. BOX 150930
1588 Weight: Accession #: 76 ALBERT PARK
Species: AVIAN Age: A6656042 LANE

Breed: Ordered by: 1-415-454-6961
ANTICOAGULANT SCREEN

Brodifacoum 0.041 ppm

Bromadiolone <0.02 ppm

Chlorphacinone <0.2 ppm

Coumafuryl <1.0 ppm

Coumachlor <0.02 ppm

Diphacinone <0.2 ppm

Warfarin <0.02 ppm

Pindone <0.2 ppm

Difenacoum <0.02 ppm

Difethialone <0.07 ppm

Valone * <0.2 ppm

Comments:

1. These results support a diagnosis of Brodifacoum poisoning.

Referral test performed at Michigan State University.
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Tracking ID - Complete History o | Page 1 of 2

PESTICIDE REGISTRATION - SUBMISSION STATUS RECORD

- TRACKID: 250225 ER
- MAIL ID: 94513
FIRMNO: 1051165 DEPARTMENT OF FISH AND GAME
EPAREG NUM: --
PRODUCT NAME: BRODIFACOUM
REGISTRANT EMAIL:
REGTYPE:
GENERAL USE:
ADDED USE:
CURRENT EVALUATION STATION
DECISIONS & STATUS
MT|CE|WS|MB|PD|PPFW|EM|UE|NW|SS
X X
USE TYPES:
Code Use Name
CHEMICAL INGREDIENTS:
Code Common Name / Remark |
2049 BRODIFACOUM , : ATTN: check for
: : ’ dye, bittering
agent;
- REEVALUATION

- See Denise Alder.

STATUS HISTORY (current record at top)

TRACKID: 250225 ER
DATEIN: 12/07/2011 10:12:38
RECEIVED DATE: 12/05/2011
TARGET DATE:
SPECIALIST: ANN HANGER
PRIOR ID:

- PROCESS: 'RV
STATION: FW

- DATE OUT:

- DECISION:
SENT TO:

http://registration/track/reports/trackid_action.cfm?RequestTimeout=500 10/3/2012





Tracking ID - Complete History

ACTION: RV

ACTION DATE:  12/07/2011 10:12:38
FOLLOWUP:

TRACKID: 250225 ER
DATEIN: 12/07/2011 08:12:59
RECEIVED DATE: 12/05/2011
TARGET DATE:

SPECIALIST: ANN HANGER
PRIOR ID:

PROCESS: WE

STATION: RG

DATE OUT: 12/07/2011 10:12:38
DECISION:

SENT TO:

ACTION: IN

ACTION DATE:  12/06/2011 12:12:00
FOLLOWUP:

TRACKID: 250225 ER
DATEIN: 12/06/2011 02:12:40
RECEIVED DATE: 12/05/2011
TARGET DATE: |
SPECIALIST: ANN HANGER
PRIOR ID: |

PROCESS: WE

STATION: LI

DATE OUT:_ 12/07/2011 08:12:59
DECISION:

SENT TO:

ACTION: IN

ACTION DATE:  12/06/2011 12:12:00
FOLLOWUP:

http !/ registration/track/teports/trackid_action.cfm?RequestTimeout=500

Page 2 'of 2

L 10/3/2012





- Track ID Report 2 : Page 1 of 1

Colifornico Deportment of

Pesticide Regumtion
03-Oct-2012
Tracking ID Report for: 250225

DPR Received Date 12/05/2011
Primary Chem Code/Chem Name: 2049 / BRODIFACOUM

Study Id Study Date Sponsor Report Org. Report Source Code
Number Number
263008 \ 46 |
| D hent Chem EPA Test  Applicant, Product and ' Soui-ce
sznubrgf Code  Number Type Study title
(s) (s) (s)
50164- 2049 1051165- 126 MULTIPLE SOURCES:
0081 - gf\mRMENT OF FISHAND compaNy AND
- \ BRODIFACOUM COOPERATOR FIELD
REPORTS
TPAC o MEN TAL (COOPERATOR MAY
ANTICOAGULANT Uses ~ BE UNIVERSITY,

FARMER, FARM

(PT.1&2) (816P.) ADVISORS, ETC.)

If you have difficulty accessing any document on our website, contact cdprweb@cdpr.ca.gov

Conditions of Use | Privacy Policy
Copyright © 2010 State of California

http://apps.cdpr.ca.gov/ereglib/lib_trkid rpt action2.cfm : 10/3/2012





DFGAnticoagWith references

Table: California Wildlife with Anticoagulant Rodenticide Exposure Submitted to DFG between 1993-2011

Year PIU County Animal Number Age Compound Liver
Accession Concentration (ppm) Reference
1993 P2554-2 Kern S.J. kit fox 1 adult bromadiolone 0.018 P-2554.pdf
1994 P2554-4 Kern S.J. kit fox 1 adult bromadiolone 0.0644 P-2554.pdf
1994 p-1671 Merced H. kangaroo rat 1 adult diphacinone 3.5 P-1671.pdf
1995 p-1715 Marin bobcat 1 adult chiorophacinone 0.4 P-1715.pdf
1995 p-1833 San Joaquin - |Great horned owl 1 adult brodifacoum 0.015 P-1833.pdf
1996 p-1846 San Benito golden eagle 1 sub-adult brodifacoum 0.13 P-1846.pdf
1997 p-1864 Santa Clara golden eagle 1 adult brodifacoum Trace P-1864.pdf
1997 p-1867 Riverside mountain lion 1 adult brodifacoum 0.52 P-1867.pdf
1997 p-1892 Alameda turkey vulture 1 adult diphacinone 0.5 P-1892.pdf
1997 p-1895 Fresno red fox 2 juvenile brodifacoum 0.05 P-1895.pdf
1997 p-1897 Los Angeles coyote 1 juvenile brodifacoum 0.054 P-1897.pdf
1997 p-1904 Los Angeles coyote 1 juvenile brodifacoum Trace P-1904.pdf
1997 p-1908 Los Angeles coyote 1 adult chlorophacinone 1.2 P-1908.pdf
1997 p-1915A Los Angeles coyote 1 juvenile diphacinone 0.043 P-1915a.pdf
1997 p-19158B Ventura coyote 1 juvenile diphacinone 1.3 P-1915b.pdf
brodifacoum 0.083 P-1915b.pdf
1997 p-1926A Los Angeles coyote 1 juvenile brodifacoum 0.28 P-1926a.pdf
1997 p-1926B Ventura bobcat 1 adult brodifacoum - 0.049 P-1926b.pdf
1997 p-1927 Alameda golden eagle 1 adult brodifacoum 0.08 P-1927.pdf
1998 p-1991 Yolo Am. Kestrel 1 nestling bromadiolone Trace P-1991.pdf
1998 p-1995A Los Angeles coyote 1 adult brodifacoum 0.08 P-1995.pdf
diphacinone 0.081 P-1995.pdf
chlorophacinone . 0.43 P-1995. pdf
1998 p-1995B Orange coyote 1 adult brodifacoum 0.5 P-1995.pdf
1998 p-1985C Orange coyote 1 adult bromadiolone 0.22 P-1995.pdf
- brodifacoum 0.66 P-1995. pdf
1998 p-1995D Los Angeles raccoon 1 adult bromadiolone 1.1 P-1995. pdf
brodifacoum 0.082 P-1995, pdf
diphacinone 0.13 P-1995 pdf
1998 p-1995E Orange raccoon 1 adult bromadiolone 0.41 P-1995. pdf
brodifacoum 0.011 P-1995. pdf
1998 p-2015 Contra Costa |Great horned owl 1 © adult diphacinone 0.6 P-2015.pdf
brodifacoum 0.04 P-2015.pdf
1998 p-2035 Ventura coyote 1 adult brodifacoum 0.04 P-2035.pdf
1998 p-2037 San Mateo coyote 1 adult brodifacoum 0.08 P-2037.pdf
1998 p-2048 Los Angeles gray fox 1 juvenile brodifacoum 0.03 P-2048.pdf
1999 p-2081A Santa Clara coyote 1 adult brodifacoum 0.36 P-2051a-e.pdf
chlorophacinone Trace P-2051a-e.pdf
1999 p-2051B Santa Clara coyote 1 adult brodifacoum 0.3 P-2051a-e.pdf
bromadiolone 0.07 P-2051a-e.pdf
1999 p-2051C Santa Clara coyote 1 adult brodifacoum 0.23 P-2051a-e.pdf
bromadiolone 0.09 P-2051a-e.pdf
1999 p-2051D Santa Clara coyote 1 adult brodifacoum 0.33 P-2051a-e.pdf
1999 p-2051E Santa Clara coyote 1 adult brodifacoum 0.47 P-2051a-e.pdf
bromadiolone 0.46 P-2051a-e.pdf
1999 p-2051F Santa Clara coyote 1 adult brodifacoum 0.07 no lab report
1999 p-2051G Santa Clara coyote 1 adult brodifacoum 0.03 no lab report
1999 p-2051H Santa Clara coyote 1 adult brodifacoum 0.28 no lab report
1999 p-2051| Santa Clara coyote 1 adult brodifacoum 0.08 no lab report
1999 p-2056 Monterey red fox 1 juvenile brodifacoum 0.04 P-2056.pdf
1999 p-2060A Alameda golden eagle 1 aduit brodifacoum 0.04 P-2060a.pdf
1999 p-2060B’ Contra Costa golden eagle 1 adult brodifacoum 0.04 P-2060b.pdf
1999 p-2063B Stanislaus r.s. hawk 1 aduit brodifacoum 0.15 P-2063a-e.pdf
1999 p-2063C. Stanislaus r.t. hawk 1 adult brodifacoum 0.01 P-2063a-e.pdf
1999 p-2063D Stanislaus r.s. hawk 1 aduit brodifacoum 0.01 P-2063a-e.pdf
bromadiolone 0.28 P-2063a-e.pdf
1999 p-2071 Sacramento fox squirrel 8 juv/adult brodifacoum 3.1 P-2071.pdf
1989 p-2103A Kern S.J. kit fox 1 adult chlorophacinone 0.27 P-2103.pdf
brodifacoum 0.07 P-2103.pdf
1999 p-2103B Kern 8.J. Kit Fox 1 juv bromadioione 0.72 P-2103.pdf
brodifacoum 0.47 P-2103.pdf
1999 p-2104 Ventura bobcat 1 adult brodifacoum 0.07 P-2104.pdf
bromadiolone 0.11 P-2104.pdf
1999 p-2105A San Bernardino |Great horned owl 1 adult bromadiolone 0.065 P-2105.pdf
brodifacoum 0.35 P-2105.pdf
1999 p-2105B San Bernardino barn owl 1 juvenile brodifacoum 0.21 P-2105.pdf
bromadiolone 0.38 P-2105.pdf
1999 p-2105C San Bernardino barn owl 1 adult brodifacoum 0.35 P-2105.pdf
1999 p-2105D San Bernardino barn owl 1 adult bromadiolone 0.38 P-2105.pdf
1999 p-2105E San Bernardino barn owl 1 adult bromadiolone 0.31 P-2105.pdf
. brodifacoumn 0.07 P-2105.pdf

Prepared by Bob Hosea
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DFGAntiéoagwithreferenices

Table: California Wildlife with Anticoagulant Rodenticide Exposure Submitted to DFG between 1993-2011

Prepared by Bob Hosea

Year PIU County Animal Number Age Compound Liver '
i Accession Concentration (ppm) Reference
1999 p-2108A Contra Costa golden eagle 1 adult brodifacoum Trace P-2108AB.pdf
1999 p-2110 Riverside bobcat 1 sub-aduit brodifacoum 0.018 . P-2110.pdf
1999 p-2113A Stanislaus - golden eagle 1 juvenile brodifacoum .0.02 P-2113.pdf
- 1999 p-2113B Alameda golden eagle 1 adult brodifacoum 0.01 . P-2113.pdf
1999 p-2118 Kern S.J. kit fox 1 adult brodifacoum .. 0.22 P-2118.pdf
1999 p-2119 Los Angeles bobcat 1 adult . difethialone _Trace P-2119.pdf
2000 . p-2132A Kern S.J. kit fox 1 juvenile bromadiolone . 0.14 P-2132AB.pdf
brodifacoum 0.13 P-2132AB.pdf
1899 p-21328 Kern S.J. kit fox 1 adult brodifacoum . 0.67 P-2132AB.pdf
2000 Ventura golden eagle 1 adult brodifacoum 0.026 no lab report
2000 Ventura golden eagle 1 adult brodifacoum 0.004 no lab report K
2000 Ventura golden eagle 1 adult brodifacoum 0.01 no lab report -
2000 p-2148A Los Angeles coyote 1 adult brodifacoum 0.08 P-2148.pdf .
bromadiolone 0.44 P-2148.pdf
2000 p-2175A " Kern S.J. kit fox 1 adult brodifacoum 1 P-2175.pdf .
2000 p-2175B Kern S.J. kit fox 1 adult . | _ brodifacoum 0,11 P-2175.pdf ,
2000 p-2175C Kern S.J. kit fox 1 adult brodifacoum 0.1 P-2175.pdf
2000 p-2197A Los Angeles |Great horned owl 1 adult brodifacoum 0.34 P-2197.pdf : i
2000 p-2197B Los Angeles  |Great horned owl 1 adult bromadiolone 0.8 P-2197.pdf -
’ . _ brodifacoum 0.05 P-2197.pdf
2000 p-2197D Los Angeles | Cooper's Hawk 1 adult brodifacoum 0.03 P-2187.pdf
2000 p-2188A San Joaquin r.t. hawk 1 adult brodifacoum 0.12 P-2188.pdf
2001 p-2196A Kern S.J. kit fox 4 adult brodifacoum 0.18 P-2196a.pdf,
2001 p-2196B Kern S.J. kit fox 1 adult brodifacoum 0.075 P-2196b.pdf
2001 p-2198 Los Angeles bobcat 1° - adult brodifacoum 0.024 P-2198.pdf
2001 p-2257 San Luis Obispo r.t. hawk 1 adult brodifacoum 0.015 P-2257.pdf
2001 p-2269 Tulare 8.J. kit fox 1 adult brodifacoum 0.042 P-2269.pdf .
2001 p-2291 Kings S.J. kit fox 1 adult brodifacoum Trace no lab report
2002 p-22928 Kern S.4J. kit fox 1 adult brodifacoum Trace no lab report
2002 p-2348 Sacramento barn owl 1 adult brodifacoum 0.0273 P-2348.pdf
2002 p-2353A Kern S.J. kit fox 1 juvenile brodifacoum 0.132 San Joaquin Kit Fox.pdf
2002 p-2353B Kern S.J. kit fox 1 adult brodifacoum 0.161 San Joaquin Kit Fox.pdf.
2002 p-2353D Kern 8.4d. kit fox 1 adult brodifacoum 0.007 San Joaquin Kit Fox.pdf
2002 p-2353H Kern 8.4J. kit fox 1 adult brodifacoum 0.191 San Joaquin Kit Fox.pdf
coumatetralyl ; 0.368 San Joaquin Kit Fox.pdf
) _pival J 6.93 San Joaquin Kit Fox.pdf
2002 p-2353J Kern 8.J. kit fox 1 adult brodifacoum i 0,122 - Sdn Joaquin Kit Fox.pdf
coumatetralyl 1.42 San Joaquin Kit Fox.pdf
2002 p-2353K Kern  S.J. kit fox 1 adult brodifacoum 0.706 " San Joaquin Kit Fox.pdf
2002 p-2353L Kern S.J. kit fox 1 juvenile brodifacoum 0.381 San Joaquin Kit Fox.pdf
2002 p-2353M Kern S.J. kit fox 1 aduit brodifacoum 0.019 San Joaquin Kit Fox.pdf
) coumatetralyl 0.4 San Joaquin Kit Fox.pdf
- 2002 p-2353N Kern S.J. kit fox 1 adult brodifacoum 0.008 San Joaquin Kit Fox.pdf- |}
2002 | 7, . p-2353S Kern S.J. kit fox 1 adult brodifacoum 0.296 San Joaquin Kit Fox.pdf.
2002 p-2353T Kern S.J. kit fox 1 adult brodifacoum 0.008 San Joaquin Kit Fox.pdf
. . coumatetralyl 0.134 San Joaquin Kit Fox.pdf,
2002 p-2353U Kern S.J. kit fox 1 adult brodifacoum 0.091 San Joaquin Kit Fox.pdf
) coumatetralyl 1.1 San Joaquin Kit Fox.pdf: |
2002 p-2353W Kern S.J. kit fox 1 adult brodifacoum 0.373 San Joaquin Kit Fox.pdf
2002 P2467-6 Kern S.J. kit fox 1 adult brodifacoum 0.504 San Joaguin Kit Fox.pdf:
o bromadiolone 0.18 San Joaquin Kit Fox.pdf
2002 P2554-5 Kern S.J. kit fox 1 adult bromadiolone 0.0555 P-2554.pdf
2003 p-2386 Kern S.J. kit fox 1 juvenile brodifacoum 11 P-2386.pdf. (.
2003 P2467-4 Kern S.J. kit fox 1 adult brodifacoum -0.186 San Joaquin Kit Fox.pdf
' bromadiolone 0.024 " San Joaquin Kit Fox.pdf
) chlorophacinone 0.0492 San Joaquin Kit F
2003 P2467-1 _ Kern S.J. kit fox 1 adult brodifacoum 0.154 San Joaquin Kit F; ;
bromadiolone 0.0357 San Joaguin Kit Fox.pdf " |!
) chlorophacinone 0.171 San Joaquin Kit Fox.pdf |
2003 P2467-7 Kern S.4J. kit fox 1 adult brodifacoum 0.625 San Joaquin Kit Fox.pdf 1
. bromadiolone 0.237 San Joaquin Kit Fox.pdf
2003 P2467-8 Kern S.J. kit fox 1 adult brodifacoum 0.0151 San Joaquin Kit Fox.pdf
. . . chlorophacinone 0.0341 San Joaquin Kit Fox.pdf
2004 P2467-2 Kern S.J. kit fox 1 adult brodifacoum 1.037 San Joaquin Kit Fox.pdf
) bromadiolone 0.172 San Joaquin Kit Fox.pdf |
2004 P2467-3 . _ Kern S.J. kit fox 1 adult brodifacoum 0:.116 San Joaquin Kit Fox:pdf
2004 P2556-11 Kern S.J. kit fox 1 adult brodifacoum 0.00336 P-2556.pdf,
2004 P2556-12 Kern badger 1 _adult chlorophacinone 0.0638 P-2556.pdf
‘ diphacinone 0.181 P-2556.pdf ;
2004 P2467-5 Kern S.J. kit fox 1 adult brodifacoum 0.00346 San Joaquin Kit Fox.pdf
diphacinone 0.0519 San Joaquin Kit Fox.pdf
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DFGAnticoagwithreferences

Table: California Wildlife with Anticoagulant Rodenticide Exposure Submitted to DFG between 1893-2011

Year PIU County Animal Number Age Compound Liver
Accession Concentration (ppm) Reference
2004 NPS:P4 Ventura mountain lion 1 aduit brodifacoum 0.57 NPSP4PS5. pdf
bromadiolone 1.27 NPSP4P5.pdf
diphacinone Trace NPSP4P5.pdf
. difethialone Trace NPSP4P5.pdf
2004 NPS:P3 Ventura mountain lion 1 adult brodifacoum 0.31 NPSP4P5.pdf
bromadiolone 0.51 NPSP4P5.pdf
diphacinone Trace NPSP4P5.pdf
difethialone Trace NPSP4P5.pdf
2004 P2556-4 Kern S.J. kit fox 1 adult brodifacoum 0.152 P-2556.pdf
2004 P2556-9 Kern | _redfox 1 adult brodifacoum 0.00975 P-2556.pdf
- bromadiolone 0.0311 P-2556.pdf
2005 D0508969 Placer Great horned owl 1 adult brodifacoum >0.01 D050869.pdf
2005 P2556-10 Kern S.J. kit fox 1 adult brodifacoum 0.0673 P-2556.pdf
2005 P2556-3 Kern S.J. kit fox 1 adult brodifacoum 0.0954 P-2556.pdf
bromadiolone 0.029 P-2556.pdf
2005 P2556-5 Kern S.J. kit fox 1 adult brodifacoum 0.0072 P-2556.pdf
2005 P2556-7 Kern S.J. kit fox 1 adult brodifacoum 0.00458 P-2556.pdf
2006 P2450 Santa Cruz coyote 1 adult diphacinone 0.0016 P-2450rpt.pdf
coumatetralyl 0.0001 P-2450rpt.pdf
chlorophacinone 0.00113 P-2450rpt.pdf
warfarin 0.6 P-2450rpt.pdf
2006 P2467-9 Kern S.J. kit fox 1 adult brodifacoum 0.101 San Joaquin Kit Fox.pdf
bromadiolone 0.0608 San Joaquin Kit Fox.pdf
2006 P2467-10 Kern S.J. kit fox 1 adult brodifacoum 0.152 San Joaquin Kit Fox.pdf
bromadiolone 0.463 San Joaquin Kit Fox.pdf
2006 P2556-2 Kern S.J. kit fox 1 adult brodifacoum 0.0969 P-2556.pdf
bromadiolone 0.0184 P-2556.pdf
2007 P2506 Yolo barn owi 9 adult brodifacoum 0.407 P-2506.pdf
. 2007 P2554-1 Kern S.J. kit fox 1 adult bromadiolone 0.253 P-2554.pdf
2008 P2554-9 Kern S.J. kit fox 1 adult bromadiolone 0.00637 P-2554.pdf
2008 P2554-12 Kern S.J. kit fox 1 adult brodifacoum 0.109 P-2554.pdf
bromadiolone 0.051 P-2554.pdf
chlorophacinone 1.122 P-2554.pdf
2008 P2585-1 Kern S.J. kit fox 1 adult bromadiolone 0.00697 P-2585.pdf
2008 P2585-5 Kern S.J. kit fox 1 adult brodifacoum 0.000998 P-2585.pdf
2008 P2585-7 Kern S.J. kit fox 1 adult brodifacoum 0.0421 P-2585.pdf
bromadiolone 0.0441 P-2585.pdf
2008 P2547 Monterey Canada goose 70 adult chlorophacinone 2.177 P-2547add.pdf
2008 P2547 Monterey barn owl 1 adult chlorophacinone 0.0138 P-2547add.pdf
brodifacoum 0.00452 P-2547add.pdf
2008 P2547 Monterey turkey vulture 1 adult chlorophacinone 0.00489 P-2547add.pdf
bromadiolone 0.00109 P-2547add.pdf
2008 P2547 Monterey turkey vulture 1 adult chlorophacinone 0.00404 P-2547add.pdf
brodifacoum 0.436 P-2547add.pdf
2008 P2547 Monterey bobcat 1 adult diphacinone 0.34 P-2547add. pdf
2009 S0802812 San Diego mountain lion 1 adult brodifacoum 0.31 S$0902812.pdf
bromadiolone 0.45 $0902812.pdf
warfarin 0.06 50902812, pdf
2008 S0907077 Los Angeles mountain lion 1 adult brodifacoum 0.12 S09807077.pdf
bromadiolone 0.08 S0907077.pdf
difethialone Trace S0907077.pdf
2009 P2585-3 Kern S.J. kit fox 1 aduit brodifacoum 0.0435 P-2585.pdf
2009 P2585-4 Kern S.J. kit fox 1 adult brodifacoum 0.00818 P-2585.pdf -
2009 P2585-9 Kern S.J. kit fox 1 adult brodifacoum 0.0243 P-2585.pdf
2009 S0908502 San Bernardino | mountain lion 1 adult brodifacoum 0.24 $0908502_Final_1.PDF
bromadiolone 3.3 S0908502_Final_1.PDF
2010 D1008760 El Dorado black bear 1 adult brodifacoum 0.02 D1008760_Addendum_1.pd
bromadiolone trace D1008760_Addendum_1.pd
2010 D1006655 El Dorado black bear 1 adult brodifacoum 0.56 D1006655_Final_1.pdf
| bromadiolone 0.48 D1006655_Final_1.pdf
chlorophacinone trace D1006655_Final_1.pdf
diphacinone Trace D1006655_Final_1.pdf
2010 D1011671-F65 Qrange mountain lion 1 adult brodifacoum 0.3 D1011671.pdf
bromadiolone 1.3 D1011671.pdf
difethialone Trace D1011671.pdf
diphacinone Trace D1011671.pdf
2010 D1011671-F67 Orange mountain lion 1 adult brodifacoum 0.13 D1011671.pdf
i bromadiclone 1.5 D1011671.pdf
_____ . difethialone Trace D1011671.pdf
. I b o diphacinone Trace D1011671.pdf
o warfarin Trace D1011671.pdf
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Year PiU County Animal Number Age Compound Liver
Accession . Concentration (ppm). Reference
2010 D1011671-x Orange mountain lion 1 adult brodifacoum 0.43 D1011671.pdf
o " bromadiolone 0.87 -D1011671.pdf
T T difethialone Trace D1041671.pdf
: . L L ) diphacinone Trace D1011671.pdf
2010 S$1009006 San Diego mountain lion 1 adult brodifacoum 0.18 S$1009006.pdf
bromadiolone 0.88 S1009006.pdf
difethialone Trace $1009006.pdf.
diphacinone 0.31 $1009006.pdf
7 .. N warfarin Trace S$1009006.pdf .. .
2010 S1005314 Orange mountain lion 1 adult brodifacoum 0.15 $1005314.pdf . .. |
bromadiolone 0.75 $1005314.pdf
chlorophacinone trace $1005314.pdf
difethialone trace S$1005314.pdf
. . diphacinone trace . $1005314.pdf
2010 $1009005 Qrange mountain lion A adult brodifacoum 0.17 S$1009005.pdf
) bromadiolone 1.3 51009005.pdf
difethialone trace $1009005.pdf
L e diphacinone trace $1009005.pdf
| 2010 51006212 _San Diego mountain lion 1 adult brodifacoum 0.58 $1006212.pdf
bromadiolone 0.72 S$1006212.pdf
) diphacinone 0.43 $1006212.pdf
2010 D1006524 E! Dorado black bear 1 adult brodifacoum 0.67 'D1006524.pdf
bromadiolone 0.23 D1006524.pdf
chlorophacinone Trace D1006524.pdf
diphacinone trace D1006524.pdf
2010 §1006213 Qrange mountain lion 1 juvenile brodifacoum 0.1 $1006213.pdf
bromadiolone 0.8 $1006213.pdf
difethialone trace $1006213.pdf
. diphacinone trace $1006213.pdf
2010 $1008074 San Diego _ mountain lion 1 adult brodifacoum 0.1 $1008074.pdf
' bromadiolone 1.6 S$1008074.pdf
. e diphacinone trace $1008074.pdf
2010 51008075 San Diego | . mountain lion 1 adult brodifacoum 0.08 S$1008075.pdf
' bromadiolone 2.3 $1008075.pdf
chlorophacinone trace ! S$1008075.pdf
] diphacinone trace ol 81008075.pdf
2010 S1008111 San Diego ~ mountain lion 1 adult brodifacoum 0.11 S$1008111.pdf
2010 P2586 Madera coyote 1 adult brodifacoum 0.242 "~ P-2586.pdf °
2010 P2606 Contra Costa prairie falcon adult scan N.D. . P-2606.pdf
2010 P2608 San Luis Obispo| turkey vulture 1. adult brodifacoum 0.00253 P-2608.pdf
. diphacinone 0.00458 P-2608.pdf ,
2010 P2613 Sonoma deer adult scan N.D. P-2613.pdf ;
2010 D1008703 Bay area _bobcat 1 adult brodifacoum 0.68 D1008703_Final_1.PDF.
bromadiolone 0.99 D1008703_Final_1.PDF
. ) difethialone trace D1008703_Final_1.PDF
2010 P2618 | . Solano wild pig 1 adult diphacinone 0.00848 (fat) P-2618.pdf
2011 T1100200. . Kern Bald eagle 1 adult diphacinone trace T1100200_Finai_1.pdf
2011 D1103361 Nevada Great horned owl 1 adult brodifacourn 0.04 .p1103361_Addendum_1.PD
diphacinone trace D1103361_Addendum_1.PD
2010 81008112 San Diego mountain lion 1 adult brodifacoum 0.02 $1008112.pdf
) bromadioclone trace $1008112.pdf
2011 D1103020 Santa Cruz mountain lion 1 adult brodifacoum 0.04 D1103020_Final_1.pdf
) . ) bromadiolone 0.12 D1103020_Final_1.pdf
2011 D1103023 Santa Clara mountain lion 1 adult bromadiolone trace D1103023_Final_1.pdf - |
2011 D1103024 Santa Cruz mountain lion 1 adult brodifacoum 0.61 D1103024_Addendum_1.pdt -
) bromadiolone 0.43 D1103024_Addendum_1.pdf
chlorophacinone trace D1103024_Addendum_1:pd
diphacinone trace D1103024_Addendum_1.pd
2011 S$1102826 San Diego mountain lion 1 aduit brodifacoum 0.06 $1102826_Final_1.pdf .
bromadiclone 0.4 $1102826_Final_1.pdf
) ) diphacinone 0.46 $1102826_Final_1.pdf
2011 D1103077 San Mateo mountain lion 1 adult brodifacoum 0.156 D1103077.pdf
bromadiolone 0.35, D1103077.pdf |
L . difethialone trace D1103077.pdf
2011 51104510 San Diego * | mountain lion 1 adult brodifacoum 0.15 S1104510.pdf
bromadiolone 1.3 S1104510.pdf
U (R . s diphacinone trace . S1104510.pdf .
2011 $1102829 Riverside _ mountain lion 1 adult brodifacoum 0.11 $1102829_Final_1.pdf
bromadiclone 0.73 $1102829_Final_1.pdf
i ) diphacinone trace $1102829_Final_1.pdf
2011 P2629 Contra Costa _barn owl 1 fledgling brodifacoum 0.00208 P-2629.pdf
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Year PiU County Animal Number Age Compound Liver
Accession Concentration (ppm) Reference
chlorophacinone 0.169 P-2629.pdf
2011 P2632 Mendocino mountain lion 1 adult brodifacoum 0.00792 P-2632.pdf
bromadiolone 0.00978 P-2632.pdf
2011 P2628 San Luis Obispo red fox 1 adult brodifacoum 0.0358 P-2628.pdf
bromadiolone 0.00708 P-2628.pdf
diphacinone 0.0511 P-2628.pdf
2011 . P2630 Kern S.J. kit fox 1 adult brodifacoum 0.44 P-2630.pdf
' ] bromadiolone trace P-2630.pdf
difethialone trace P-2630.pdf
2011 P2630 . Kern S.J. kitfox [ 1 adult brodifacoum 0.01 P-2630.pdf
bromadiolone trace P-2630.pdf
difethialone i trace P-2630.pdf
2011 P2630 Kern S.J. kit fox 1 adult brodifacoum 0.38 P-2630.pdf
bromadiolone 0.2 P-2630.pdf
2011 P2630 Kern S.J. kit fox 1 adult brodifacoum 0.16 P-2630.pdf
bromadiolone 0.11 P-2630.pdf
2011 D1104583-UC235 Solano Gray fox 1 adult brodifacoum 0.23 D1104583.pdf
: bromadiolone 0.4 D1104583.pdf
2011 D1104583-S07-189 Solano red fox 1 adult brodifacoum Trace D1104583.pdf
bromadiolone Trace D1104583.pdf
2011 | D1104583-S08-0003 Yolo red fox 1 adult brodifacoum Trace D1104583.pdf
2011 | D1104583-S08-0032 Placer red fox 1 adult brodifacoum Trace D1104583.pdf
bromadiolone 0.56 D1104583.pdf
difethialone Trace D1104583.pdf
2011 { D1104583-S08-0254 Yolo red fox 1 adult brodifacoum 0.04 D1104583.pdf
bromadiolone Trace D1104583.pdf
2011 | D1104583-S08-0765 Yolo red fox 1 adult brodifacoum Trace D1104583.pdf
2011 D1104583-S08-255 Yolo ©red fox 1 adult brodifacoum 0.03 D1104583.pdf
2011 D1104583-S08-761 Sutter red fox 1 adult brodifacoum ) 0.52 D1104583.pdf
i bromadiolone Trace - D1104583.pdf
2011 | D1104583-S09-0034 Sutter red fox 1 adult bromadiolone 0.19 D1104583.pdf
2011 D1104583-S09-272 Solano red fox 1 . adult bromadiolone Trace D1104583.pdf
2011 | D1104583-S09-0325 Colusa red fox 1 adult brodifacoum 0.25 D1104583.pdf
2011 | D1104583-S09-0776 Yolo red fox 1 adult brodifacoum 0.32 D1104583.pdf
bromadiolone 0.12 D1104583.pdf
2011 | D1104583-S09-0779 Shasta red fox 1 adult bromadiolone 0.61 D1104583.pdf
2011 | D1104583-S09-0809 Glenn red fox 1 adult brodifacoum 0.05 D1104583.pdf
) bromadiolone 0.29 D1104583.pdf
2011 | D1104583-S09-0816 Yolo red fox 1 adult brodifacoum 0.04 D1104583.pdf
diphacinone trace D1104583.pdf
2011 | D1105211-S10-0793 Glenn red fox 1 adult brodifacoum trace D1105211.pdf
bromadiolone trace D1105211.pdf
2011 | D1105211-S11-0228 Yolo red fox 1 adult brodifacoum trace D1105211.pdf
2011 | D1105211-S10-0754 Yolo red fox 1 adult brodifacoum 0.26 D1105211.pdf
bromadiolone 1 D1105211.pdf
difethialone trace D1105211.pdf
. diphacinone trace D1105211.pdf
2011 | D1105211-S11-0010 Yolo red fox 1 adult brodifacoum 0.22 D1105211.pdf
bromadiolone trace .~ D1105211.pdf
2011 D1105211-S10-0515 Glenn red fox 1 adult brodifacoum 0.08 D1105211.pdf
' bromadioloneé trace D1105211.pdf
2011 | D1105211-S10-1086 Sutter red fox 1 -adult brodifacoum 0.29 D1105211.pdf
bromadiolone trace D1105211.pdf
2011 | D1105211-S10-0568 Sacramento red fox 1 adult brodifacoum 0.45 D1105211.pdf
2011 D1105211-S10-0334 Colusa red fox 1 adult brodifacoum Trace D1105211.pdf
: bromadiolone Trace D1105211.pdf
2011 | D1106040-S10-0190 Yolo red fox 1 adult bromadiolone Trace D1106040.pdf
2011 | D1106040-S10-0567 Yolo red fox 1 adult brodifacoum 0.21 D1106040.pdf
. bromadiolone 0.31 D1106040.pdf
2011 | D1106040-S09-0102 Yolo red fox 1 adult brodifacoum 0.06 D1106040.pdf
bromadiolone 0.09 D1106040.pdf
2011 | D1106040-S10-0513 Sacramento red fox 1 adult brodifacoum 0.07 D1106040.pdf
bromadiolone 0.09 D1106040.pdf
2011 § D1106040-S10-0890 Solano red fox 1 adult diphacinone trace D1106040.pdf
2011 | D1106040-S11-0012 Yolo red fox 1 adult brodifacoum 0.44 D1106040.pdf
bromadiolone 0.28 D1106040.pdf
Total 284
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Sac Valley Red Fox Study

Year CAHFS # County Species Number Age AR ppm Reference

2011 D1104583-UC235 Solano Gray fox 1 adult brodifacoum 0.23 D1104583.pdf
bromadiolone 0.4 D1104583.pdf

2011 D1104583-S07-166 Tehama red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-S07-189 Solano red fox 1 adult brodifacoum Trace D1104583.pdf
bromadiolone Trace D1104583.pdf

2011 D1104583-S08-0003 Yolo red fox 1 adult brodifacoum Trace D1104583.pdf
2011 D1104583-S08-0032 Placer red fox 1 adult brodifacoum Trace D1104583.pdf
bromadiolone 0.56 D1104583.pdf

difethialone Trace D1104583.pdf

2011 D1104583-S08-0202 Solano red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-S08-0254 Yolo red fox 1 pup brodifacoum 0.04 D1104583.pdf
bromadiolone Trace D1104583.pdf

2011 D1104583-S08-0765 Yolo red fox 1 adult brodifacoum Trace D1104583.pdf
2011 D1104583-S08-255 Yolo red fox 1 pup brodifacoum 0.03 D1104583.pdf
2011 D1104583-S08-761 Sutter red fox 1 adult brodifacoum 0.52 D1104583.pdf
bromadiolone Trace D1104583.pdf

2011 D1104583-S09-0034 Sutter red fox 1 adult bromadiolone 0.19 D1104583.pdf
2011 D1104583-S09-0158 Solano red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-S09-272 Solano red fox 1 pup bromadiolone Trace D1104583.pdf
2011 D1104583-S09-0280 | Sacramento red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-S09-0325 Colusa red fox 1 adult pup 0.25 D1104583.pdf
2011 D1104583-09-0367 Solano red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-09-0440 | Sacramento red fox 1 pup brodifacoum Trace D1104583.pdf
bromadiolone Trace D1104583.pdf

2011 D1104583-09-0752 Yolo red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-S09-0776 Yolo red fox 1 adult brodifacoum 0.32 D1104583.pdf
bromadiolone 0.12 D1104583.pdf

2011 D1104583-S09-0777| Tehama red fox 1 pup AR scan ND D1104583.pdf
2011 D1104583-S09-0779 Shasta red fox 1 pup bromadiolone 0.61 D1104583.pdf
2011 D1104583-S09-0809 Glenn red fox 1 adult brodifacoum 0.05 D1104583.pdf
bromadiolone 0.29 D1104583.pdf

2011 D1104583-S09-0816 Yolo red fox 1 adult brodifacoum 0.04 D1104583.pdf
diphacinone trace D1104583.pdf

2011 D1105211-S10-0793 Glenn red fox 1 pup brodifacoum trace D1105211.pdf
bromadiolone trace D1105211.pdf

2011 D1105211-S11-0228 Yolo red fox 1 pup brodifacoum trace D1105211.pdf
2011 D1105211-S10-0754 Yolo red fox 1 pup brodifacoum 0.26 D1105211.pdf
bromadiolone 1 D1105211.pdf

difethialone trace D1105211.pdf

diphacinone trace D1105211.pdf

2011 D1105211-S11-0010 Yolo red fox 1 adult brodifacoum 0.22 D1105211.pdf
bromadiolone trace D1105211.pdf

2011 D1105211-S10-0515 Glenn red fox 1 pup brodifacoum 0.08 D1105211.pdf
bromadiolone trace D1105211.pdf

2011 D1105211-S10-0569 Solano Gray fox 1 adult AR scan ND D1105211.pdf
2011 D1105211-S10-1086 Sutter red fox 1 adult brodifacoum 0.29 D1105211.pdf
bromadiolone trace D1105211.pdf

2011 D1105211-S10-0568 | Sacramento red fox 1 adult brodifacoum 0.45 D1105211.pdf
2011 D1105211-S10-0334 Colusa red fox 1 adult brodifacoum Trace D1105211.pdf
bromadiolone Trace D1105211.pdf

2011 D1106040-S10-0190 Yolo red fox 1 adult bromadiolone Trace D1106040.pdf
2011 D1106040-S10-0567 Yolo red fox 1 adult brodifacoum 0.21 D1106040.pdf
bromadiolone 0.31 D1106040.pdf

2011 D1106040-S09-0102 Yolo red fox 1 adult brodifacoum 0.06 D1106040.pdf
bromadiolone 0.09 D1106040.pdf

2011 D1106040-S10-0513 | Sacramento red fox 1 adult brodifacoum 0.07 D1106040.pdf
bromadiolone 0.09 D1106040.pdf

2011 D1106040-S10-0890 Solano Gray fox 1 adult diphacinone trace D1106040.pdf
2011 D1106040-S11-0012 Yolo red fox 1 adult brodifacoum 0.44 D1106040.pdf
bromadiolone 0.28 D1106040.pdf
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. species  Collection dalocation  Brodifacou bromadiolc chlorphacir diphacinone

sjkf 6/12/1984 B-field <0.200 <0.200 <2.00 <2.00
0 0 0 0
0.1 0.1 1 1
sjkf 9/1/1985 B-field 0 0 1 1
sjkf 4/13/1987 B-field 0.172 0 1 1
sjkf 7/26/1987 B-field 0.1 . 0.1 1 1
sjkf 11/13/1987 B-field 0.1 0.1 1 1
sjkf 1/22/1988 B-field 0.1 0.1 1 1
sjkf 5/2/1988 B-field 0.1 0.1 1 1
sjkf 6/19/1988 B-field 0.254 1.33 1.47 0.16
sjkf 7/26/1988 B-field 0.1 0.1 1 1
sjkf 8/13/1988 B-field 0.1 0.1 1 1
sjkf 7/28/1989 B-field 0.1 0.1 1 1
percent def 20 10 10 10
avg conc 0.1126 0.203 1.047 0.916
sjkf 8/13/1999 B-field 470 720 1 1
sjkf 9/8/1999 B-field 70 0.1 270 1
sjkf 11/27/1999 B-field 220 0.1 1 1
sjkf 12/16/1999 B-field 670 0.1 1 1
100 25 25 0
357.5 180.075 68.25 1
sjkf 1/29/2000 B-field 130 140 1 1
sjkf 3/15/2000 B-field 91 0.1 1 1
sjkf 7/13/2000 B-field 1 0.1 1 1
‘ sjkf 11/8/2000 B-field 0.1 0.1 1 1
sjkf 11/8/2000 B-field 0.1 0.1 1 1
100 20 0 0
44.442 28.08 1 1
sjkf 1/13/2001 B-field 9 0.1 0.8 0.8
sjkf 2/5/2001 B-field 0.18 0.1 0.8 08
sjkf 2/5/2001 B-field 0.075 0.1 0.76 0.76
sjkf 9/1/2001 B-field 0.1 0.1 0.72 0.72
75 0 0 0
sjkf 1/15/2002 B-field <0.200 <0.200
sjkf 1/15/2002 B-field trace <0.200
sjkf 1/15/2002 B-field <0.05
sjkf 3/9/2002 B-field <0.05
sjkf 4/2/2002 B-field <0.05
sjkf 5/6/2002 B-field <0.05
-sjkf 8/6/2002 B-field <0.05
sjkf 8/18/2002 B-field <0.05
sjkf . 8/30/2002 B-field <0.05
sjkf 8/30/2002 B-field <2.00
sjkf 12/4/2002 B-field <0.05
" sjkf 12/4/2002 B-field <0.05
sjkf 12/8/2002 B-field <0.05
sjkf 12/12/2002 B-field <0.05
0 0






sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf

sjkf
sjkf
sjkf
sjkf
sjkf
sjkf

sjkf
sjkf
sjkf
sjkf
sjkf

sjkf
sjkf
sjkf
sjkf
sjkf
sjkf

sjkf
sjkf

sjkf
sjkf
sjkf
sjkf
sjkf
sjkf

sjkf

1/3/2003 B-field
2/12/2003 B-field
2/18/2003 B-field
2/26/2003 B-field
3/25/2003 B-field
5/30/2003 B-field
6/10/2003 B-field
8/23/2003 B-fieid

11/21/2003 B-field
12/10/2003 B-field
12/23/2003 B-field

1/19/2004 B-field
1/19/2004 B-field
2/10/2004 B-field
4/10/2004 B-field
6/10/2004 B-field
6/26/2004 B-field

1/8/2005 B-field
3/24/2005 B-field
4/26/2005 B-field

11/28/2005 B-field
12/12/2005 B-field

1/5/2006 B-field
2/7/2006 B-field
7/5/2006 B-field
9/20/2006 B-field
12/12/2006 B-field
12/22/2006 B-field

1/1/2007 B-field
1/8/2007 B-field

3/1/2008 B-field
7/12/2008 B-field
7/15/2008 B-field
8/26/2008 B-field

11/11/2008 B-field
11/11/2008 B-field

2/19/2009 B-field

186 24
2642 2477 <2.00
9855 131 <2.00
5662 786 <2.00
625 237 <2
15.1 <0.2
154 35.7
11,000 <0.5 <5.00
504 180 <2
8648 148 <2.00
66.4 3123 <2.00
100 82
1037 17.2 <2
152 <0.200
2818 79.2 <2.00
3.46 <0.2 <2
1248 902 <2.00
4138 304 <2.00
100 67
4.58 <0.200
95.4 29
<0.200 13.3 <2.00
67.3 <0.200
152 - 463 <2
80 60
101 60.8 <2
96.9 18.4
<0.200 <0.200 <2.00
1703 770

0.2 <0.200 <2.00
0.678 <0.200 <2.00

83 50
0.466 2.18 <2.00
0.2 1.17 <2.00
100 100
<0.200 253 <2.00
421. 44 1
<0.200 6.97

<0.200 <0.200
<0.200 <0.200
0.998 <0.200

33 50

24.3 <0.200

49.2

341
171

27

0

246

17

0

<2
<2.00
<2.00
<2.00
<2
<2
<2
<5.00
<2
<2.00
<2.00

<2

<2.00

<2.00
<2.00

<2.00

<2

<2

<2.00
<2.00
<2.00
<2.00

<2.00
<2.00

<2.00

51.9

17






Bakersfield
‘ collection Species Brodifacou bromadiolc Other

1984 sjkf ND ND
1985 sjkf - ND ND
1987 sjkf 0.172 ND
1987 sjkf ND ND
1987 sjkf ND ND
1988 sjkf ND ND
1988 sjkf ND ND
1988 sjkf 0.254 1.33 1.47¢,0.16 d
1988 sjkf ND ND
1988 sjkf ND ND
1989 sjkf ND ND
1999 sjkf : 470 720
1999 sjkf 70 ND 270 ¢
1999 sjkf 220 ND
1999 sjkf 670 ND
2000 sjkf 130 140
2000 sjkf 91 ND
2000 sjkf 1 ND
2000 sjkf 0.11 ND
2000 sjkf ND ND
2001 sjkf . 9 ND
2001 sjkf 0.18 ND
2001 sjkf ND ND
‘ 2001 sjkf ND ND
2002 sjkf ND ND
2002 sjkf 0.2 ND
2002 sjkf 296 ND
2002 sjkf 373 ND
2002 sjkf 191 ND
2002 sjkf - 122 ND
2002 sjkf - 706 ND
2002 sjkf 381 ND
2002 sjkf 19 ND
2002 sjkf ND 55.5
2002 sjkf 132 ND
2002 sjkf ND ND
2002 sjkf 161 ND
2002 sjkf ND ND
2003 sjkf 186 24
2003 sjkf 2642 2477
2003 sjkf 9855 131
2003 sjkf 5662 786
2003 sjkf 625 237
2003 sjkf 15.1 ND
2003 sjkf 154 357
2003 sjkf 11,000 ND
2003 sjkf 504 180

2003 sjkf 8648 148
‘ 2003 sjkf 66.4 3123






2004 sikf
2004 sjkf
2004 sjkf
2004 sjkf
2004 sjkf
2004 sjkf
2005 sikf
2005 sikf
2005 sjkf
2005 sjkf
2005 sjkf
2006 sjkf
2006 sjkf
2006 sikf
2006 sjkf
2006 sjkf
2006 sjkf
2007 sjkf
2007 sjkf
2008 sjkf
2008 sjkf
2008 sjkf
2008 sjkf
2008 sjkf
2008 sjkf
2009 sjkf

ND

ND

ND

ND
ND
ND

1037
152 ND
2818
3.46 ND
1248
4138
4.58 ND
95.4

67.3 ND
152
101
96.9
ND
1703
0.2 ND
0.678 ND
0.466
0.2

421

ND

ND

0.998 ND
24.3 ND

17.2

79.2

902
304

29
13.3

463
60.8
18.4

770

2.18
1.47

253
441
6.97
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Species Year died BRD BRM CHL DIPH

. sjkf 1984 ND ND ND ND
sjkf 1985 ND ND - ND ND
sjkf 1987 ND ND ND ND
sjkf 1987 ND ND ND ND
sjkf 1987 0.172 ND ND ND
sjkf 1988 ND ND ND ND
sjkf 1988 ND ND ND ND
sjkf 1988 ND ND ND ND
sjkf 1988 ND ND ND ND
sjkf 1988 0.254 1.33 1.47 0.16
sjkf 1989 ND ND ND ND
sjkf 1999 70 ND 270
sjkf 1999 470 720 ND ND
sjkf 1999 220 ND ND ND
sjkf 1999 670 ND ND ND
sjkf - 2000 130 140 ND ND
sjkf 2000 1 ND ND ND
sjkf 2000 0.1 ND ND ND
sjkf 2000 0.1 - ND ND ND
sjkf 2000 91 ND ND ND
sjkf 2001 ND ND ND ND
sjkf 2001 0.18 ND ND ND
sjkf - 2001 0.075 ND ND ND
sjkf 2001 9 ND ND ND
sjkf 2002 ND ND ND ND

. sjkf 2002 0.2 ND ND ND
sjkf 2002 132 ND ND ND
sjkf 2002 161 ND ND ND
sjkf 2002 ND ND ND ND
sjkf 2002 191 ND ND ND
sjkf 2002 122 ND ND ND
sjkf 2002 706 ND ND ND
sjkf 2002 381 ND ND ND
sjkf 2002 19 ND ND ND
sjkf 2002 ND ND ND ND
sjkf 2002 296 ND ND ND
sjkf 2002 373 ND ND ND
sjkf 2002 ND 55.5 ND ND
sjkf 2003 2642 2477 ND ND
sjkf 2003 8648 148 ND ND
red fox 2003 838 974 ND ND
sjkf 2003 664 3123 ND ND
sjkf 2003 9855 131 ND ND
sjkf , 2003 5662 786 ND ND
sjkf 2003 11,000 ND ND ND
sjkf 2003 154 35.7 171 ND
sjkf 2003 186 24 49.2 ND
sjkf 2003 504 180 ND ND
sjkf 2003 625 237 ND ND
sjkf 2003 15.1 ND 34.1 ND

. sjkf 2004 1248 902 ND ND






sjkf
sjkf
red fox
sjkf
sjkf
sjkf
sjkf
badger
sjkf
red fox
sjkf
sjkf
sjkf
red fox
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
skunk
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf
sjkf

2004
2004
2004
2004
2004
2004
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2006
2006
2006
2006
2006
2006
2006
2007
2007
2008
2008
2008
2008
2008
2008
2009

4138
2818
3667
1037
11.6
3.46
3.36
ND
152
9.75
ND
152
67.3
ND
954
4.58
0.678
0.2
1703
ND
ND
101
96.9
0.466
0.2
ND
ND
ND
0.998
ND
421
243

304
79.2
67.9
17.2
ND
ND
ND
ND
ND
31.1
13.3
463
ND
ND
29
ND
ND
ND
770
ND
ND
60.8
18.4
2.18
117
253
6.97
ND
ND
ND
441
ND

ND
ND
ND
ND
ND
ND
ND
63.8
ND

ND-

ND
ND
ND
ND
ND
ND
ND
ND
246
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
51.9
ND
181
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND






Species |Year died BRD BRM  |CHL DIPH

sjkf 1984 ND ND ND ND

sjkf 1985 ND ND ND ND

sjkf 1987 ND ND ND ND

sjkf 1987 ND ND ND ND

sjkf 1987 0.172 ND ND ND

sjkf 1988 ND ND ND ND

sjkf 1988 ND ND ND ND _
sjkf 1988 ND ND ND | ND |

sjkf 1988 ND ND ND ND
sjkf 1988, 0.254 1.33 - 1.47 ‘016
sjkf 1989, ND ND | ND | ND
sikf 1999 70 ND 270

sjkf - 1999 470 720 ND ND

sjkf 1999 220 ND ND ND

sjkf 1999, 670 ND ND ND

sjkf 2000, 130 140 ND ND

sjkf 2000 1 ND ND ND

sjkf 2000, 0.1 ND ND ND

sjkf 2000 0.1 ND ND ND

sjkf 2000 91 ND ND ND  pb coumatetralyl
sjkf 2001 ND ND ND ND

sjkf 2001 018 | ND ND ND

sjkf 2001] 0.075 ND ND ND
sjkf 2001 9 ND ~ ND ND  ppb coumatetralyl
sjkf 2002 ND ND ND ND

sjkf 2002 02 | ND ND ND

sjkf 2002, 132 ND ND  ND

sjkf 2002 161 ND ND ND

sjkf 2002 ND ND ND ND

sjkf 2002 191 ND ND ND  umatetralyl 6.93 ppb pival
sjkf 2002 122 ND ND ND 2 coumatetralyl
sjkf 2002, 706 ND ND ND *
sjkf 2002 381 ND ND ND

sjkf 2002 19 ND ND ND  pb coumatetralyl
sjkf 2002 ND ND ND ND

sjkf 2002 296 ND ND ND

sjkf 2002 373 ND ND - ND

sjkf 2002 ND 56.5 ND ND

sjkf 2003| 2642 2477 ND ND

sjkf 2003 8648 148 ND ND

red fox 2003] 838 | 974 ND ND

sjkf 2003 664 3123 ND ND

sjkf 2003 9855 131 ND ND

sjkf 2003| 5662 786 ND ND

sjkf 2003, 11,000 ND ND ND

sjkf 2003 154 35.7 171 ND

sjkf 2003 186 24 49.2 ND

sjkf 2003| 504 180 ND ND

sjkf 2003 625 237 ND ND

sjkf 2003 1541 ND 34.1 ND






|sikf 2004 1248 | 902 _ND ND
sjkf 2004 4138 . 304 ND ND
sikf 2004 2818 792  ND ND
red fox 2004 3667 679 = ND ND
sjkf 2004! 1037 172  ND = ND
sjkf 2004, 11.6 ND ND ~ND
sikf 2004 3.46 ND ND | 519
sjkf 2004, 3.36 ND ND ~ ND
badger 2004, ND ND 63.8 181
sjkf 2004 152 | ND  ND . ND
red fox 2004 9.75 31.1 ND ND
sjkf 2005 ND 133 | ND  ND
sjkf 2005/ 152 463 ND ND
sjkf 2005, 67.3 ND ND ND
red fox 2005 ND ND ND ND
sjkf 2005, 954 29 ND ND
sikf 2005 458 | ND ND ND
sikf 2006 0678 ' ND | ND . ND
sikf 2006, 0.2 ND ND ND
sikf 2008/ 1703 | 770 246 ND
sikf 2006 ND ND ND ND
skunk 20066 ND | ND | ND  ND
sjkf 2006; 101 60.8 ND ND
sjkf 2006 96.9 18.4 ND ND
sjkf 2007 0.466 2.18 ND ND
sjkf 2007, 02 | 117 ND . ND
sikf 2008, ND 253 | ND ND
sjkf 2008) ND 6.97 'ND ND
sikf 2008 ND ND ND ND
sjkf 2008 0.998 ND ND ND
sjkf 2008/ ND ND ND ND
sikf 2008 421 441 | ND | ND
sjkf ., 2009 243 . ND = ND ND
sjkf 1993:Kern (nonu  ND | ND ND ND
sikf 1994 Kern (nonu  ND ND ND ND
sjkf 1993 |Kern (nony 109 51 1122 ND
sjkf 1993|Kern (nonu  ND 18 ND ND
sjkf 1993|Kern (nony  ND ND ND ND
sjkf 1994 Kern (nonu  ND 64.4 ND ND
sjkf 1993 |Kern (nonuy  ND ND ND ND
sjkf 1994 Kern (nonu  ND ND ND ND
sikf 1994|Kern (nonu  ND ND ND ND
bobcat 2008 non-urban ND ND ND ND
sjikf 2006 non-urban ND ND ND ND
sikf 2002 Other | 8 ND ND ND
Sikf _2005other . 72  ND  ND ND
Sikf 2006 Panochevi ND  ~ ND ND ND
sjkf 2006 SLO ND ND ND ND
sjkf 2004 SLO ND ND ND ND
sjkf 2003/SLO-Carizi__ ND ND ND ND






sjkf 2003 Lokern ND ND ND | ND

sjkf 2006 |Lokern ND ND "ND ND

sjkf 2004 |Lokern ND ND | ND ND

sjkf 2004 |Lokern ND ND ND ND

sjkf 2003 |Lokern ~ND ND ND ND

sjkf 2004 |Lokern ND ND ND ND

sjkf 2003 Lokern ND ND ND ND B
coyote 2003 |Lokern ND ND ND ND

sjkf 2003 |Lokern ND ND ND ND

sjkf 2003|Lokern ND ND ND ND

sjkf 2004 |Lokern ND ND ND ND

sjkf 2002|Lokern ND ND ND ND

sjkf 2002 |Lokern ND ND ND ND

sjkf 2007 Lokern ND 6.37 ND ND

coyote 2004/ Lokern ND ND ND | ND_

sjkf 2001 Unknown | ND ND ND ND

sjkf 1988 .unknown ND ND ND ND )
sjkf 2001 {Unknown 2.28 ND ND ND |
sjkf 1989 (Unknown ND ND ND ND

sjkf 2001 |Unknown ND ND ND ND

sjkf 2001 junknown ND ND ND ND

sjkf 2001 |Unknown 0.294 ND ND ND

sjkf 1977 |unknown ND ND ND ND

sjkf 2001 ;Unknown ND ND ND ND

skunk 2006 Unknown ND | ND ND ND |
sjkf 2009{Unknown 43.5 ND ND ND

sjkf | 2009!Unknown 8.18 ND ND ND

sjkf 2009;Unknown ND ND ND ND
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7/28/1989
9/1/2001
7/26/1987
1/22/1988
8/13/1988
7/26/1988
9/1/1985
6/12/1984
11/13/1987
5/2/1988
6/19/1988
4/13/1987
4/26/2005
12/22/2006
1/1/2007
12/12/2006
1/8/2007
9/20/2006
6/10/2004
6/26/2004
2/10/2004
2/12/2003
12/10/2003
7/5/2006
12/23/2003
2/18/2003
2/26/2003
9/8/1999
8/13/1999
11/27/11999

1/29/2000 2/29/2002

12/16/1999
7/13/2000
11/8/2000
11/8/2000

2/5/2001
2/5/2001
1/15/2002
1/15/2002
12/4/2002
12/8/2002
12/12/2002
4/2/2002
5/6/2002
8/6/2002
8/18/2002
8/30/2002
12/4/2002
1/156/2002
1/13/2001
3/156/12000

B-field
B-field
B-field
B-field
B-field
B-field
B-field
B-field
B-field
B-field

11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001
11/16/2001 B-field
11/16/2001 B-field
5/27/2005 B-field
2/27/2007 B-field
2/27/2007 B-field
2/27/2007 B-field
2/27/2007 B-field
2/27/2007 B-field
10/14/2004 B-field
10/14/2004 B-field
2/10/2004 B-field
4/17/2003 B-field
4/16/2004 B-field
2/27/2007 B-field
4/16/2004 B-field
11/21/2003 B-field
4/17/2003 B-field
9/8/1999 B-field
8/13/1999 B-field
11/27/1999 B-field
B-field
2/29/2000 B-field
7/20/2000 B-field
11/8/2000 B-field
11/8/2000 B-field
2/5/2001 B-field
2/5/2001 B-field
1/15/2002 B-field
1/15/2002 B-field
12/5/2002 B-field
12/9/2002 B-field
12/16/2002 B-field
4/3/2002 B-field
5/10/2002 B-field
12/12/2002 B-field
12/12/2002 B-field
12/12/2002 B-field
12/12/2002 B-field
3/27/2002 B-field
3/27/2002 B-field
3/27/2002 B-field

<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200 <0.200
0.254 1.33
0.172 <0.200
<0.200 13.3
0.678 <0.200
0.466 2.18
0.2 <0.200
0.2 1.17
1703 770
1248 902
4138 304
2818 79.2
2642 2477
8648 148
<0.200 <0.200
66.4 3123
9855 131
5662 786
70 <0.200
470
220 <0.200
130
670 <0.200
1 <0.200
0.11 <0.200
0.1 <0.200
0.18 <0.200
0.075 <0.200
<0.200 <0.200
trace

<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200
<0.200

140

720

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00

<5.00

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00

1.47

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
246 <2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
270

<5.00

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.0%





sjkf 3/9/2002
sjkf 8/23/2003
sjkf 6/10/2003
sjkf 1/19/2004
sjkf

sikf 1/3/2003
sjkf 4/10/2004
sjkf 11/21/2003
sjkf 3/25/2003
sjkf 5/30/2003
sjkf 1/5/2006
sjkf 12/12/2005
sjkf 3/1/2008
sjkf 8/30/2002
sjkf 11/28/2005
sjkf

sjkf 2/7/12006
sjkf 3/24/2005
sjkf 1/19/2004
sjkf 1/8/2005
sjkf 7/15/2008
sjkf 11/11/2008
sjkf 11/11/2008
sjkf 8/26/2008
sjkf 7/12/2008
sjkf 2/19/2009
number of samples
number of detections
sjkf 6/9/1993
sjkf 6/2/1994
sjkf

sjkf 3/8/1993
sjkf

sjkf 8/1/1994
sjkf

sjkf 7/127/1994
sjkf

sjkf 8/31/2006
sjkf 11/18/2002
sjkf 717/2005
sjkf 6/29/2006
sjkf 9/21/2006
sjkf 12/11/2004
sjkf 8/30/2003
number of samples
number of detections
sjkf 1/3/2003
sjkf 12/14/2006
sjkf 6/10/2004
sjkf 3/6/2004
sjkf 11/17/2003
sjkf 1/8/2004

3/27/2002 B-field 373 1<0.05
1/24/2004 B-field 11,000 <0.5 <5.00
11/21/2003 B-field 154 35.7
4/16/2004 B-field 1037 17.2 <2
4/20/2004 B-field 11.6 <0.2 <2
1/3/2003 B-field 186 24
4/20/2004 B-field 3.46 <0.2 <2
12/8/2002 B-field 504 180 <2
11/21/2003 B-field 625 237 <2
11/21/2003 B-field 15.1 <0.2
4/21/2006 B-field 101 60.8 <2
4/21/2006 B-field 152 463 <2
6/19/2008 B-field <0.200 253 <2.00
12/12/2002 B-field <0.200 55.5 <2.00
2/21/2006 B-field 67.3 <0.200
4/20/2004 B-field 3.36 <0.200
6/21/2006 B-field 96.9 18.4
5/27/2005 B-field 954 29
4/16/2004 B-field 152 <0.200
5/27/2005 B-field 4.58 <0.200
5/1/2009 B-field <0.200 6.97
5/1/2009 B-field <0.200 <0.200
11/11/2008 B-field 0.998 <0.200
5/1/2009 B-field <0.200 <0.200
5/1/2009 B-field 421 441
5/1/2009 B-field 24.3 <0.200
77 Average
61
6/19/2008 Kern (nonu <0.200 <0.200 <2.00
6/19/2008 Kern (nonu <0.200 <0.200 <2.00
6/19/2008 Kern (nonu 109 51
6/19/2008 Kern (nonu <0.200 18 <2.00
6/19/2008 Kern (nonu <0.200 <0.200 <2.00
6/19/2008 Kern (nonu<0.200 64.4 <2.00
6/19/2008 Kern (nonu <0.200 <0.200 <2.00
6/19/2008 Kern (nonu<0.200 <0.200 <2.00
6/19/2008 Kern (nonu <0.200 <0.200 <2.00
2/27/2007 non-urban <0.200
12/12/2002 Other : <005
4/21/2006 other 7.2 <0.200
2/27/2007 Panoche vi <0.200 <0.200
2/27/2007 SLO <0.200 <0.200
5/27/2005 SLO <0.200 <0.200
11/21/2003 SLO-Cariz: <0.200 <0.200 <2.00
16
5
11/21/2003 Lokern <0.200 <0.200 <2.00
2/27/2007 Lokern <0.200 <0.200 <2.00
10/14/2004 Lokern <0.200 <0.200 <2.00
4/16/2004 Lokern <0.200 <0.200 <2.00
11/21/2003 Lokern <0.200 <0.200 <2.00
4/16/2004 Lokern <0.200 <0.200 <2.00

171

49.2

341

1122

<0.05
<5.00
<2
<2
<2
<2

51.9
<2
<2
<2
<2
<2
<2.00
<2.00

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00
<2.00

<0.05

<2.00

<2.00
<2.00
<2.00
<2.00
<2.00
<2.00






. sjkf 10/6/2003  11/21/2003 Lokern <0.200 <0.200 <2.00 <2.00

sjkf 11/25/2003 4/16/2004 Lokern <0.200 <0.200 <2.00 <2.00
sjkf 12/3/2003 4/16/2004 Lokern <0.200 <0.200 <2.00 <2.00
sjkf 212312004 4/16/2004 Lokern <0.200 <0.200 <2.00 <2.00
sjkf 1/26/2002  11/26/2002 Lokern <0.05 <0.05
sjkf 12/9/2002  12/12/2002 Lokern <0.05 <0.056
sjkf 12/19/2007 6/19/2008 Lokern <0.200 6.37 <2.00 <2.00
number of samples 13

number of detections 1

sjkf 11/16/2001 Unknown <0.200 <0.200 <2.00 <2.00
sjkf 6/14/1988  11/16/2001 unknown <0.200 <0.200 <2.00 <2.00
sjkf 11/16/2001 Unknown 2.28 <0.200 <2.00 <2.00
sjkf 8/12/1989  11/16/2001 Unknown <0.200 <0.200 <2.00 <2.00
sjkf 11/16/2001 Unknown <0.200 <0.200 <2.00 <2.00
sjkf 11/16/2001 unknown <0.200 <0.200 <2.00 <2.00
sjkf 11/16/2001 Unknown 0.294 <0.200 <2.00 <2.00
sjkf 11/10/1977  11/16/2001 unknown <0.200 <0.200 = <2.00 <2.00
sjkf 11/16/2001 Unknown <0.200 <0.200 <2.00 <2.00
skunk 1/27/2006 3/28/2006 Unknown <0.200 <0.200

sjkf 1/12/2009 Unknown 43.5 <0.200

sjkf 2/26/2009 Unknown 8.18 <0.200

sjkf 4/27/2009 : Unknown <0.200 <0.200

number of samples 13

number of detections 4
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SUBJECT: SECOND GENERATION ANTICOAGULANT RODENTICIDES

In a July 2011 memorandum, the California Department of Fish and Game (CDFG) requested
that the Department of Pesticide Regulation (DPR) designate all second generation anticoagulant
rodenticides as California restricted materials. This paper represents DPR’s assessment, based on
available data, of the potential and actual risk to non-target wildlife from second generation
rodenticides.

Executive Summary

Commensal mice and rats pose a significant economic and health risk to people. The
rodenticides that are utilized to control them need to be efficacious while being relatively safe for
humans, pets, and non-target wildlife. Rodenticides currently registered for use in California fall
into three categories: first generation anticoagulant rodenticides (chlorophacinone, diphacinone
and warfarin), second generation anticoagulant rodenticides (brodifacoum, bromadiolone,
difenacoum, and difethialone), and non-anticoagulant rodenticides (bromethalin, cholecalciferol,
and zinc phosphide).

Compared to first generation rodenticides, second generation anticoagulants are considered to be
more effective as they only require a single feeding and no resistance has been reported, have
significantly longer half-lives in target and non-target wildlife, and are more toxic to birds and
mammals (based on animal LDss).

DPR analyzed wildlife incident and mortality data between 1995 and 2011, and rodenticide use
and sales data between 2006 and 2010. The data indicate that exposure and toxicity to non-target
wildlife from second generation anticoagulant rodenticides is a statewide problem. In addition,
the data suggest that the problem exists in both urban and rural areas. Research data from various
locations throughout California indicate that exposure is occurring in many taxa and in various
ecosystems (urban, suburban, rural, and natural/wild areas). While the data show exposure, they
do not link specific uses, or location of use of second generation anticoagulant rodenticide (i.e.,
indoors or outdoors, homeowners or professionals) to exposure.

Of the 492 animals analyzed between 1995 and 2011, approximately 73% had residues of at least

one second generation anticoagulant rodenticide. Brodifacoum residues were found in
approximately 69% of the 492 animals, and brodifacoum was likely involved in 13% of animal
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mortalities. Bromadiolone residues were found in approximately 37% of the animals analyzed,
and bromadiolone was likely involved in approximately 3% of animal mortalities. Difethialone
residues were found in approximately 8% of the animals analyzed. Due to its relatively new
entrance into the marketplace, animals were not analyzed for difenacoum residues. While no
animal mortalities can be directly attributed to difethialone or difenacoum, based on half-life and
toxicity data, these two chemicals appear to be similar to brodifacoum and bromadiolone.
Animals that tested positive for second generation rodenticides include bobcats, mountain lions,
coyotes, foxes, skunks, hawks, crows, and owls.

The data also show that exposure of wildlife to second generation anticoagulant rodenticides can
lead to sub-lethal effects. The sub-lethal effects reduce the fitness of wildlife at a time when
wildlife are already meeting numerous challenges. Riley et al’s (2007) study of bobcats is an
example of the sub-lethal effects of rodenticides. The bobcats died due notoedric mange. Mange
was not previously known as a significant pathogen in wild felids. However, exposure to
rodenticides appears to have contributed to the disease process, and hence, the mortality of the
bobcats.

Based on the data reviewed, DPR finds that that the use of second generation rodenticides
presents a hazard related to persistent residues in target animals resulting in impacts to non-target
wildlife.

Background

Commensal mice and rats pose a significant economic and health risk to people, as they can
damage homes, destroy crops, contaminate food, and directly spread eleven diseases (Center for
Disease Control (CDC, 2011(b)) and indirectly spread fifteen diseases (CDC, 2012(a)) that
threaten people’s health and lives. Therefore, controlling them is considered a priority.

Rodenticides are pesticides that are designed to kill rodents, including mice and rats. For the
purposes of this document, rodenticides will be divided into anticoagulant rodenticides (first and
second generation) and non-anticoagulant rodenticides (including bromethalin, cholecalciferol,
and zinc phosphide). Strychnine will not be discussed as its only labeled use is for below-ground
gopher control.

First generation anticoagulant rodenticides - chlorophacinone, diphacinone, and warfarin - were
developed and marketed beginning in 1950. However, by the 1970’s, resistance to warfarin was
noted in Norway rats, roof rats, and mice in Europe and North America. The warfarin-resistant
strains of mice and rats prompted the development of second generation anticoagulant
rodenticides, including brodifacoum, bromadiolone, difethialone, and difenacoum. Brodifacoum
was developed in 1975, registered with the United States Environmental Protection Agency
(U.S. EPA) in 1979, and registered with DPR in 1983. DPR first registered bromadiolone in
1982. The remaining two second generation rodenticides are relatively new. DPR first registered
difethialone in 1997 and difenacoum in 2008.





Ann M. Prichard
September 19, 2012
Page 3

Both first and second generation anticoagulant rodenticides are vitamin K antagonists that cause
mortality by blocking an animal’s ability to produce several key blood clotting factors. The result
is a lag time between ingestion and death. The chemicals are likely to be additive in their effect
(Gabriel et al (2012) and Riley et al (2007)), and can be treated with vitamin K (Merck Sharp &
Dohme Corp (2011)). However, they differ in several key ways. First generation anticoagulant
rodenticides require consecutive days of intake to accumulate a lethal dose and if the animal
survives or doesn’t like the taste or effects, it may develop bait shyness. If an animal that
consumes a first generation anticoagulant rodenticide is eaten by a predator, the predator can
become affected by the rodenticide (Townsend et al, 1984). However, the ability of first
generation rodenticides to bioaccumulate in target and non-target animals is considered low
(Eason and Ogilvie, 2009). The half-life (the amount of time it takes a substance to decrease by
half) of most first generation anticoagulants in both target and non-target wildlife is generally
hours to days, compared to the half-lives of second generation anticoagulants which are
generally days to months. See Table 1 (below).

Second generation anticoagulant rodenticides have the same mechanism of action, but they have
a higher affinity for the target enzyme (epoxide reductase enzyme), the ability to disrupt the
vitamin K(1)-epoxide cycle at more points, and significantly longer half-lives in blood and liver
(Watt et al, 2005) than first generation anticoagulant rodenticides. In general, rodents require
only one feeding of bait to receive a lethal dose, although bromadiolone and difenacoum may
require multiple feedings. Because it takes several days for the rodent to die, animals often eat
multiple doses, allowing for super-lethal concentrations of the rodenticide to accumulate in its
body. Second generation anticoagulant rodenticides become established in the animal’s liver,
with liver half-lives of four months to a year. If an animal that consumes a second generation
anticoagulant rodenticide is eaten by a predator, the predator can become affected by the
rodenticide. Because of their long half-lives, these rodenticides bioaccumulate in non-target
wildlife (Annex I- Norway, 2007). See Table 1 (below).

The three non-anticoagulant rodenticides belong to three different chemical classes and differ
from each other in their modes of action. Bromethalin is a neurotoxin that causes paralysis and
death. Cholecalciferol is a sterol of vitamin D that, when converted in the liver into the active
form, causes renal failure, cardiac abnormalities, hypertension, central nervous system
depression, and gastric system distress (anorexia, vomiting, and constipation). Zinc phosphide is
an inorganic rodenticide that converts to phosphine gas in the stomach, causing gastrointestinal
distress (including vomiting and pain), hypotension, and cardiovascular collapse. See Table 1
(below) for the half-lives of rodenticides in the blood and liver of rats.
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Table 1. Half-life (in days) of a single dose of rodenticides in the blood and liver of rats' 2.

Class of Rodenticide | Rodenticide Dose RIS (0 capm) | 18RI (fa dhye)
(mg ai/kg) in Blood in Liver
Brodifacoum 0.02 to 0.35 6.5t091.7’ 113.5% to 350
Second Generation | Bromadiolone | 0.2 to 3.0 1.0 to 2.4 170 to 318
Anticoagulant - 7
Rodenticides Difenacoum 1.2 NA 118
Difethialone 0.5 2.3 126
First Generation Chlorophacinone | 4 to 5 0.4 Less than 2
Anticoagulant Diphacinone 0.32 NA 2<x<3"?
Rodenticides | vy farin NA, I° 0.7t0 12" 7' t0.26.2°
.5
Non-anticoagulant Bromethalin NA 56 NA
.. 2
Rodenticides Cholecalciferol® | NA 1 ~19"

1 Data summarized from Erickson and Urban, 2004, except where noted.

. Data is not available for zinc phosphide, so it is not included on the chart.
. Fisher et al, 2003.

. U.S. EPA, 2007.

. Spaulding and Spannring, 1988.

. Marrow, 2001.

. Vandenbroucke et al, 2008.

. Body half-life (instead of liver half-life).

01N DN bW

In 1999, CDFG requested that DPR place pesticide products containing the second generation
anticoagulant rodenticide brodifacoum into reevaluation based on concerns regarding adverse
effects to non-target wildlife. (Reevaluation is a process that allows DPR to evaluate the human
health and environmental impacts of currently registered pesticide products.) After evaluating the
data on file, DPR presented an issue paper recommending a number of mitigation measures and
proposed that rodenticide baits containing brodifacoum, bromadiolone, and difethialone
(difenacoum was not yet registered) be restricted to indoor structural use only. However, based
on comments from representatives of the pest control industry expressing concern over the
restriction, including comments from food processors noting that federal law requires rodent
control to take place outside the building, DPR reconsidered its proposal.

DPR then became aware that the U.S. EPA was conducting risk assessments on numerous
rodenticides. DPR decided to focus its reevaluation in coordination with U.S. EPA. In 2004,

U.S. EPA (listed as Erickson and Urban, 2004) completed its Potential Risks of Nine
Rodenticides to Birds and Nontarget Mammals: a Comparative Approach. In May 2008,

U.S. EPA announced its final Risk Mitigation Decision for Ten Rodenticides (RMD). At the time,
all ten rodenticides came in various bait forms, including loose grains, pellets, and place packs,
and only required the use of a bait station if the product could not be applied in locations out of
reach of children. Most second generation anticoagulant rodenticides were labeled for use to
control rats and mice in and around homes, industrial, commercial, agricultural and public
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buildings, transport vehicles, and similar structures in urban areas. In addition to being labeled to
control commensal rodents around homes, industrial sites, etc., first generation anticoagulants
were labeled for agricultural uses, below-ground mole and pocket gopher control and vole
control. While both first and second generation anticoagulant rodenticide were labeled for the
residential marketplace, second generation anticoagulant rodenticides had the bulk of the
residential market share.

The RMD describes U.S. EPA’s risk mitigation decision for rodenticide products containing the
following ten active ingredients: brodifacoum, bromadiolone, bromethalin, chlorophacinone,
cholecalciferol, difenacoum, difethialone, diphacinone (and its sodium salt), warfarin (and its
sodium salt), and zinc phosphide. The RMD includes two major components: (1) reducing
children’s exposure to rodenticide products used in the home, and (2) reducing wildlife
exposures and ecological risks. To minimize children’s exposure to rodenticide products used in
homes, U.S. EPA’s RMD requires that all rodenticides intended for use above ground by
residential consumers be sold as solid formulations with a bait station. To reduce wildlife
exposures and ecological risks, U.S. EPA imposed sales, package size, and use site restrictions to
reduce the availability of second generation anticoagulant products to the residential consumer
market. The RMD also required the use of bait stations for all outdoor, above-ground uses of the
ten rodenticides.

The terms and conditions of sale/distribution specified in the RMD and in U.S. EPA’s notice of
registration/reregistration prohibit the sale of second generation anticoagulant rodenticides in
stores oriented towards residential consumers such as grocery, drug, hardware, home
improvement stores, and other standard retail outlets. Sale and distribution of the products were
restricted to agricultural, farm, and tractor stores or directly to pest control operators and other
professional applicators. In addition, according to U.S. EPA’s RMD, second generation
anticoagulant products can only be sold in packages that contain eight or more pounds of bait.
Products containing eight to sixteen pounds of bait are labeled only for use inside and within
100 feet of agricultural buildings and man-made agricultural structures vulnerable to rodent
infestations. These products cannot be used in and around homes and residential sites. Products
labeled for 16+ pounds of bait can be used in and within 100 feet of man-made structures
(including homes and other residential areas) that are vulnerable to rodent infestations. The RMD
initially restricted use to within 50 feet from buildings, but in a U.S. EPA memo dated

March 14, 2012, the distance for all non-homeowner rodenticide products was increased to

100 feet and the definition of “building” was expanded to include man-made structures such as
trash receptacles which are often placed farther than 50 feet from buildings. As stated above,
these larger size quantities of second generation rodenticides are intended for distribution and
sale at agricultural, farm, and tractor stores or directly to pest control operators and other
professional applicators. The intent is to remove the product from general consumer access,
while still having the products available to poultry and livestock producers and professional
users, such as licensed pest control applicators. However, in California, numerous homeowners
live on the urban/rural edge and in rural areas on “ranchette” style properties (one to five acres of
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land per home). Due to the location and size of their property, people living in these areas,
including ranchette owners, may shop at farm stores for supplies. Under current federal
requirements, such individuals could purchase and use the 8 to 16 pound plus quantities of
second generation anticoagulant rodenticides, even though they are not a “professional pesticide
user.”

It is also important to note that not all second generation anticoagulant registrants complied with
U.S. EPA’s mitigation measures. Six second generation anticoagulant products, targeted for the
residential consumer market, are still registered for sale in California to residential consumers in
grocery, drug, hardware, home improvement stores, and other standard retail outlets. On
November 2, 2011, U.S. EPA took steps under the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) to cancel these noncompliant products by issuing a draft Notice of
Intent to Cancel and convening a FIFRA Scientific Advisory Panel (SAP) at the end of
November 2011. To date, the outcome of these federal actions has not been determined. In
addition, U.S. EPA existing stocks provisions for all consumer-use second generation
anticoagulant rodenticides allow continued sale of such products from consumer oriented retail
stores until supplies are exhausted.

A review of current California registered rodenticide labels shows that first generation
anticoagulant and non-anticoagulant rodenticides are available to, and for use by, residential
consumers (only in packages < 1 pound of bait) to control rats and mice indoors and outdoors
within 50 feet of homes or buildings. These consumer based products must be in a block/solid
formulation, and be sold with, and used in, a bait station. First generation anticoagulant and non-
anticoagulant products geared towards professional users (>4 pounds of bait) can be used in and
within 100 feet of buildings (including residential buildings) and inside of transport vehicles. For
these products, bait stations are required for all outdoor, above-ground uses and indoors where
children, pets, or non-target wildlife may be exposed. Some of these products are also labeled for
baiting of rat burrows.

DPR also registers first generation anticoagulant and non-anticoagulant rodenticides that are
labeled for use outdoors for manual below-ground burrow baiting to control pocket gophers and
moles. Rodenticides containing diphacinone and chlorophacinone, and the non-anticoagulant
rodenticide zinc phosphide have approved uses to control ground squirrels. Certain
chlorophacinone, diphacinone, and zinc phosphide products can also be used in agricultural areas
(orchards, fields, as well as landscaped areas such as parks and golf courses) and as tracking
powders. However, all agricultural and tracking powder uses are designated as restricted use
pesticides and can only be purchased and used by a California certified/licensed applicator or
under their direct supervision. Liquid formulations of diphacinone sodium salt can be diluted and
used indoors in non-residential areas by professional applicators.

DPR currently registers 72 end use products containing second generation anticoagulant
rodenticides. As mentioned above, there are six second generation anticoagulant products
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targeted for use by homeowners in and around homes. Of the remaining 66 second generation
anticoagulant rodenticide products currently registered, about half are labeled for use only inside
and within 100 feet of agricultural buildings and other man-made agricultural structures. The
other half are labeled for use inside and within 100 feet of man-made structures such as homes,
food processing facilities, industrial and commercial buildings, trash receptacles, agricultural and
public buildings, and transport vehicles and are intended for use by professional applicators
(such as pest control operators, public health officials, federal, state, and municipal employees
charged with rodent control). Certain products are also labeled for use in rodent burrows, alleys,
and sewers. Bait stations must be used indoors when children, domesticated animals, or non-
target wildlife may be exposed. Bait stations are required for all outdoor, above ground
placements. Currently, there are no second generation anticoagulant rodenticides labeled for
agricultural field use.

Evaluated Data

DPR considered data from multiple sources, including CDFG, private agencies and individuals,
and available journal articles and other resources. Utilizing all of these resources, DPR was able
to obtain information on almost 1,300 animals.

From that data set, DPR removed approximately half of the animals and multiple studies because
the data were collected from outside California and placed the information in Appendix I. From
the remaining 630 California animals, DPR removed an additional 41 animals (including

37 geese, 3 other birds, and 1 mammal) because all were related to a specific incident where
chlorophacinone was used in harvested artichoke fields. To address the problem, the product’s
label was amended to prohibit use in fields once the artichokes have been harvested. DPR also
removed 26 rodents (including Norway (or brown) rats, roof (or black) rats, “rats” without a
specified species, and all mice) as these are “target” animals. Four hawks, and a fox were also
removed because only summary data were available (i.e., results on individual animals and for
the individual rodenticides were not available. A snake (which contained difethialone) and a
bobcat fetus (which contained residues of brodifacoum and diphacinone) were removed because
there are no standards (i.e., LDsy data on reptiles or bobcat fetus) against which to compare these
animals. In addition, in each case only a single individual was available. When making scientific
assessments, one usually wants data on more than one individual in order to assure that the data
are not an anomaly. DPR placed summary information regarding the above animals in

Appendix II. Also not included in DPR’s main analysis are data on 58 fishers and 6 badgers that
only recently became available. This new data is summarized in Appendix III.

Even though for scientific or timing reasons, DPR did not include the animals identified above in
its main data analysis, the data still provide important information, and therefore, are
summarized in Appendices I, II, and III.

DPR included all of CDFG’s data in its main analysis, even though, in some cases, CDFG only
reported animals that were positive for rodenticide residues (i.e., negative animals were excluded
and the total number of animals analyzed was unknown). While including all of the CDFG data





Ann M. Prichard
September 19, 2012
Page 8

may result in an over representation of positive samples, DPR believes that the data provide
value and do not over represent positive values for second generation anticoagulant rodenticides.
Of the 492 animals included in DPR’s analysis, 350 were from data sets that included both
negative and positive samples. DPR compared the two data sets using statistical analysis
(Chi-squared and Fisher’s Exact with a level of significance of 0.05), and determined that the
data sets (in regards to the second generation anticoagulant rodenticides) are not significantly
different. Therefore, DPR is comfortable including all CDFG data in its analysis.

Analysis

The data included in this analysis were collected between 1995 and 2011, and came from the
following: WildCare’s data (WildCare (2011)), CDFG’s data (CDFG (2011), CDFG (2012a),
CDFG (2012b)), and McMillin et al (2008)), Lima and Salmon’s paper (Lima and Salmon
(2010) and Lima and Salmon (2012)), Seth Riley’s coyote data (Riley (2012)), and Riley et al’s
paper (Riley et al (2007)). The analysis includes 492 non-target animals (including 194 birds
(primarily raptors) and 298 mammals (primarily San Joaquin kit fox, bobcats, mountain lions,
coyotes, and foxes)).

The livers (and/or blood, in a few cases) of each animal were analyzed for at least six
anticoagulant rodenticides. The animals were analyzed for the first generation - warfarin,
chlorophacinone, and diphacinone - and second generation - brodifacoum, bromadiolone, and
difethialone - anticoagulant rodenticides. In some cases, additional analyses were conducted, and
those were reported where applicable. Two rodenticides not registered for use in California were
also found, but will not be discussed. Those were coumachlor and pindone. In addition, because
of its relatively recent entry into the rodenticide market, none of the 492 animals included in
DPR’s analysis were tested for difenacoum residues. Therefore, the lack of data showing
difenacoum residues in animals is not indicative of a lack of toxicity.

Of the 492 non-target animals analyzed, approximately 75% had residues of one or more
rodenticide, approximately 73% (359) had residues of at least one second generation
anticoagulant rodenticide, and approximately 25% (124) were negative.

Brodifacoum residues were found in approximately 69% of the animals, bromadiolone residues
were found in approximately 37% of the animals, and difethialone residues were found in
approximately 8% of the animals. Of the animals that tested positive for at least one rodenticide,
approximately 98% had residues of at least one second generation anticoagulant rodenticide.
Table 2 summarizes these results.
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Table 2. Number (and percent) of the rodenticides among all animals (n=492) and among the
positive animals (n=368)".

Total Number Second Generation Anticoagulant Rodenticides | First Generation Anticoagulant Rodenticides
Samples 492 359 (72.9%) 65 (13.2%)

Positives 368 359 (97.6%) 65 (17.7%)

Total Number Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone | Warfarin
Birds 194 124 (63.94%) | 42 (21.7%) 10 (5.2%) 1 (0.5%) 5 (0.3%) 0 (0.0%)
Mammals 298 215 (72.2%) 141 (47.3%) 31 (10.4%) 17 (5.7%) 48 (16.1%) | 4(1.3%)
Total 492 339 (68.9%) 183 (37.2%) 41 (8.3%) 18 (3.7%) 53 (10.8%) | 4(0.8%)
Positives 368 339 (92.1%) 183 (49.7%) 41 (11.1%) 18 (4.9%) 53 (14.4%) | 4(1.1%)

This table indicates that exposure of non-target animals to second generation anticoagulant
rodenticides far exceeds exposure to first generation anticoagulant rodenticides. In addition,

1.

Animals may be positive for more than one rodenticide.

brodifacoum residues were found in a large percentage of the animals (almost 70%).

Tables 3 and 4 show the bird and mammal data down to the species level.
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Table 3. Number of each bird (n=194) species that was positive for a rodenticide, that was
positive for a first or second generation anticoagulant rodenticide, and that was for each
rodenticide’.

Species n Positive genz::tion Brodifacoum | Bromadiolone | Difethialone genelrsz:tion Chlorophacinone | Diphacinone | Warfarin
American Crow 1 1 1 1 0 0 0 0 0 0
American Kestrel 6 5 4 3 0 1 1 0 1 0
Bald Eagle 1 1 0 0 0 0 1 0 1 0
Barn Owl 49 29 29 28 15 2 0 0 0 0
E'iag;'; f‘t’r‘g':ed 1 0 0 0 0 0 0 0 0 0
Brown Pelican 2 0 0 0 0 0 0 0 0 0
Burrowing Owl 1 0 0 0 0 0 0 0 0 0
Canada Goose 1 0 0 0 0 0 0 0 0 0
Cooper's Hawk 17 14 14 14 3 0 1 0 1 0
Dark eyed junco 1 0 0 0 0 0 0 0 0 0
Golden Eagle 11 8 8 8 0 0 0 0 0 0
Great Horned Owl 21 17 17 16 8 1 1 0 1 0
Gull (any) 3 0 0 0 0 0 0 0 0 0
S”:;:‘e(;)‘"kmwn 1 1 1 1 1 1 0 0 0 0
Long-eared Owl 1 1 1 1 0 0 0 0 0 0
Northern Harrier 1 0 0 0 0 0 0 0 0 0
Prairie Falcon 1 0 0 0 0 0 0 0 0 0
EZ‘:\;im”'demd 2 17 16 16 8 1 0 0 0 0
Red-tailed Hawk 32 23 23 22 5 3 1 1 0 0
;2"\’;';'5'“”"“ 9 6 6 6 0 1 0 0 0 0
Spotted Owl 2 1 1 1 0 0 0 0 0 0
Swainson's Hawk 1 1 1 1 0 0 0 0 0 0
Turkey Vulture 6 5 5 5 2 0 1 0 1 0
gv;lstern Screech 3 1 1 1 0 0 0 0 0 0
Total 194 131 128 124 42 10 6 1 5 0

1. Animals may be positive for more than one rodenticide.
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Table 4. Number of each mammalian (n=298) species that was positive for a rodenticide, that
was positive for a first or second generation anticoagulant rodenticide, and that was for each

rodenticide'.

Species N || Positive 2nd. Brodifacoum | Bromadiolone | Difethialone ISt . Chlorophacinone | Diphacinone | Warfarin
generation generation

Badger 3 1 0 0 0 1 1 1 0
Black Bear 3 3 3 3 3 0 2 2 2 0
Bobcats 41 36 35 31 26 11 15 1 13 1
Coyotes 44 36 33 33 12 4 8 4 6 1
Deer 1 0 0 0 0 0 0 0 0
Gray fox 9 7 7 7 4 1 2 0 2 0
Mountain 28 28 28 27 26 11 18 3 17 2
Lions
Pig (Feral) 1 1 0 0 0 0 1 0 1 0
Raccoons 6 4 4 4 4 0 1 0 1 0
Red fox 37 35 35 30 25 2 4 0 4 0
San Joaquin | 17 76 76 70 35 2 7 6 1 0
kit fox
Skunk (any) 7 5 5 5 4 0 0 0 0 0
Squirrel 5 2 2 2 0 0 0 0 0 0
(any)
Virginia 3 3 3 3 2 0 0 0 0 0
Opossum
Total 298 237 231 215 141 31 59 17 48 4

1. Animals may be positive for more than one rodenticide.

Comparisons to Wildlife LDsgs

A LDsy is the dose (in mg/kg) of a chemical that a species consumes that is lethal to 50% of the
animals of that species tested. A LCs is the concentration (in parts per million (ppm)) of a
chemical that produces mortality in 50% of the animals to which it is exposed (normally in the
air or water) in a given period of time. U.S. EPA has established guidelines for the LDsos and

LC5()S.

Table 5. Descriptive toxicity categories for wildlife compared to the LDsos and LCsgs.

Descriptive Term

Mammal and Avian LDs,

Mammal and Avian LCs,

Extremely Toxic <10 mg/kg <50 ppm
Highly Toxic 10 — 50 mg/kg 50 — 500 ppm
Moderately Toxic 50 - 500 mg/kg 500 — 1,000 ppm

Slightly Toxic 500 — 2,000 mg/kg 1,000 — 5,000 ppm

Relatively Non-Toxic

> 2,000 mg/kg

> 5,000 ppm
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Table 6 lists the LDsps and the descriptive toxicities (based on the U.S. EPA’s Pesticide
Assessment Guidelines) for the nine rodenticides for the most sensitive birds and mammals.

Table 6. Most sensitive LDsy and descriptive toxici‘[y1 for birds and mammals for nine

rodenticides.
Most sensitive Descriptive Toxicity Most sensitive Descriptive Toxicity
Rodenticide LDs, for Birds® | for the most sensitive | LDs, for Mammal® | for the most sensitive
Type of Rodenticide (in mg/kg) Birds LDs (in mg/kg) Mammal L.Ds
Brodifacoum 0.26 Extremely Toxic 0.13 Extremely Toxic
Second Generation Bromadiolone 138 Moderately Toxic 0.56 Extremely Toxic
Anticoagulant - 3 - . -
Rodenticides Difenacoum 66 Moderately Toxic 0.45 Extremely Toxic
Difethialone 0.26 Extremely Toxic 0.29 Extremely Toxic
First Generation Chlorophacinone >100 Moderately Toxic 0.49 Extremely Toxic
Anticoagulant Diphacinone 96.8" Moderately Toxic 0.2 Extremely Toxic
Rodenticides Warfarin 620 Slightly Toxic 2.5 Extremely Toxic
Bromethalin 4.6 Extremely Toxic 2.0 Extremely Toxic
Non-Anticoagulant . . - ;
Rodenticides Cholecalciferol >600 Slightly Toxic 5.5 Extremely Toxic
Zinc phosphide 8.8 Extremely Toxic 26 Highly Toxic
1. From the EPA Pesticide Assessment Guidelines (U.S. EPA, 2011).
2. Data summarized from Erickson and Urban, 2004, except where noted.
3. U.S.EPA, 2007.
4. Rattner et al, 2011.

The data indicate that the second generation anticoagulant rodenticides brodifacoum and

difethialone are extremely toxic to both birds and mammals. The second generation

anticoagulant rodenticides bromadiolone and difenacoum are moderately toxic to birds, but

extremely toxic to mammals.

It is important to note that LDs tests are run in a laboratory setting, where the animals are not
subject to the need to forage, or to predation or pathogen pressures. Additionally, the LDs
considers only one endpoint: mortality. Multiple studies (Eason et al (1996), Fisher (2009), and
Naz et al (2011)) have shown that even sub-lethal doses can cause clotting, biochemical
(including glucose and liver function markers), and physiological abnormalities (including
statistically significant decreased body weight, increased liver size, increased heart size, and

increased kidney size), which could or did cause mortality in the laboratory setting.

Field and epidemiological studies can provide additional information about what happens in non-
laboratory situations. Dowding et al (1999) analyzed brodifacoum concentrations in the livers of
cats, rabbits, and birds found dead or euthanized on Motuihe Island following a Norway rat and

house mouse eradication operation in August 1997. Three cats found dead had liver brodifacoum
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concentrations of 0.91 to 1.38 ppm. Five rabbits found dead on the island had liver
concentrations of 0.05 to 2.01 ppm. Twenty-nine non-target birds (including ducks, raptors, and
songbirds) that were found dead had liver concentrations of 0.12 to 2.31 ppm. The incidence of
mortality 2 weeks after the eradication was 49% in the pukeko flock (order: Gruiformes; a coot)
and 60% in the paradise shelduck flock (order: Anseriformes; a duck). It is likely, given their
behavior and eating habits, that the rabbits and paradise shelduck directly consumed the bait,
while the cats and raptors would most likely have consumed prey items that had consumed the
bait. Depending upon the species, circumstances, and individual involved, the songbirds and
pukeko may have directly consumed the bait and/or consumed prey that consumed the bait.

Riley et al (2007) found that all 19 of the bobcats that died due to severe notoedric mange were
exposed to second generation anticoagulant rodenticides, with brodifacoum ranges from trace to
0.56 ppm. Morbidity or mortality due to notoedric mange had not previously been reported as a
significant pathogen in wild felid. The study demonstrated that where the levels of second
generation anticoagulant rodenticides were more than 0.05 ppm, the association to mange (and
mortality) was “highly significant.” This indicates that a reduced immune response to pathogens
and parasites, and an increased reaction to trauma are possible sequels of anticoagulant exposure.
Second generation rodenticides are known to cause lethargy, shortness of breath, anorexia,
bloody diarrhea, changes in behavior, potential heart damage, and tenderness of the joints (Cox
and Smith (1992), Housenger and Melendez (2011), IPCS (2010), Littin et al (2000), Merck
Sharp & Dohme Corp (2011), Munday and Thompson (2003), Naz et al (2011), Rahmy (1993),
Shlosberg and Booth (2001), Valchev (2008), and Woody et al (1992)). Therefore, even sub-
lethal exposure to anticoagulants may contribute to the disease process or receiving trauma, and
hence the mortality in a wild animal.

Because mg/kg is equivalent to ppm, the concentration of brodifacoum in the liver (which is in
ppm), while not always an accurate reflection of the amount of brodifacoum ingested (which is
in mg/kg), demonstrates exposure. Additionally, by comparing the concentration of brodifacoum
in the liver (ppm) to the LDso (mg/kg), the concentration of the rodenticide in the liver can be
used to determine the potential mortality. For example, Eason et al (1996) dosed the Common
Brushtail Possum (Trichosurus vulpecula) with 0.1 mg/kg and found mean liver concentrations
of 0.100 ppm 14 days after dosing, 0.109 ppm 63 days after the dosing, and 0.075 ppm 126 days
after dosing. However, because the liver collects the rodenticide, the rodenticide can be found at
a higher concentration in the liver than in the animal at a whole. Fisher et al (2003) dosed rats
with 0.1 mg/kg brodifacoum and found the mean liver residue concentration after one week to be
1.27 ppm, after 18 weeks to be 0.59 ppm, and after 24 weeks to be 0.49 ppm. Additionally,
Eason et al (1999) dosed pigs with brodifacoum in single dietary doses of 0.57 ppm, 0.96 ppm,
and 1.94 ppm and then analyzed their livers on the fifth day. When the pigs consumed
approximately 0.57 mg/kg, 0.96 mg/kg, and 1.94 mg/kg, the resulting brodifacoum concentration
in the liver was 1.13 ppm, 1.08 ppm, and 1.05 ppm, respectively. If the whole body
concentration of brodifacoum were analyzed, instead of the just the concentration in the liver, the
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concentration would be significantly lower. However, because the liver collects the rodenticide,
the liver is analyzed, which allows for the determination of exposure.

Of the 492 animals included in this analysis, 368 (approximately 75%) had residues of at least
one first and/or second generation anticoagulant rodenticide. Table 7 quantifies the number and
percent of samples that had residues (including trace residues), those which had measurable (i.e.,
non-trace) residues, and those which had residues above the most sensitive LDs.
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Table 7. Number (and percent) of animals that had anticoagulant rodenticide residues (including trace residues), had
measurable (i.e., non-trace) residues, and that had anticoagulant levels above the most sensitive LDs, (n=492)".

Bromadiolone

Rodenticide Avian Mammal Total
Total Number of samples 194 (100%) 298 (100%) 492 (100%)
Any Total Number with no residues’ 63 (32.5%) 61 (20.5%) 124 (25.2%)
Total Number of positive samples® 131 (67.5%) 237(79.5%) 368 (74.8%)
Total Number with no residues® 70 (36.1%) 83 (27.9%) 153 (31.1%)
Brodifacoum Total Number of positive samples® 124 (63.9%) 215 (72.1%) 339 (68.9%)
Number with measurable residues® 107 (55.2%) 199 (66.8%) 306 (62.2%)
Number above the most sensitive LDs,’ 26 (13.4%) 85 (28.5%) 111 (22.6%)
Total Number with no residues’ 152 (78.4%) 157 (52.7%) 309 (62.8%)

Total Number of positive samples®

42 (21.6%)

141 (47.3%)

183 (37.2%)

. . 4
Number with measurable residues

26 (13.4%)

111 (37.2%)

138 (28.0%)

Number above the most sensitive LDs,> 0(0.0%) 38 (12.8%) 38 (7.7%)

Number with no residues? 184 (94.8%) 267 (89.6%) 451 (91.7%)
o Total Number of positive samples® 10 (5.2%) 31 (10.4%) 41 (8.3%)

Difethialone

Number with measurable residues® 5(2.6%) 4 (1.3%) 9 (1.8%)
Number above the most sensitive LDs,’ 5 (2.6%) 4 (1.3%) 9 (1.8%)

Number with no residues? 193 (99.5%) 250 (83.9%) 439 (89.3%)
. Total Number of positive samples’ 1(0.5%) 17(5.9%) 18 (3.7%)

Chlorophacinone

Number with measurable residues® 0 (0.0%) 11 (3.7%) 11 (2.2%)
Number above the most sensitive LDs,’ 0 (0.0%) 3 (1.0%) 3(0.6%)

Number with no residues? 189 (97.4%) 250 (83.9%) 439 (89.3%)

. . Total Number of positive samples® 5(2.6%) 48 (16.1%) 53 (10.8%)

Diphacinone

Number with measurable residues® 3(1.5%) 17 (5.7%) 20 (4.1%)
Number above the most sensitive LDsy> 2 (1.0%) 10 (3.4%) 12 (2.4%)

Number with no residues? 194 (100.0%) | 294 (98.7%) 488 (99.2%)
. Total Number of positive samples® 0 (0.0%) 4 (1.3%) 4 (0.8%)

Warfarin

Number with measurable residues® 0 (0.0%) 2(0.7%) 2(0.4%)
Number above the most sensitive LDs,’ 0 (0.0%) 0 (0.0%) 0 (0.0%)

1. Animals may be positive for more than one rodenticide.

2. The number of samples with no residues is the number of samples that did not have trace or measurable amounts in it.

It can be added to the Number of Total Number of positive samples to get the Total Number of samples.

3. The samples that tested positive for a sample may have had trace (i.e., when the rodenticide is known to be present but
its level is so low that it cannot be quantified) or measurable (i.c., when the amount of a rodenticide can be put into a
number) amounts of the rodenticide. It can be added to the Number of samples with no residues to get the Total
Number of samples.

4. The number of samples with measurable or quantifiable residues includes only the samples where the amount of a
rodenticide can be put into a number (i.e., it does not include the trace detections). This is part of the Total Number of
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positive samples, but does not include the trace samples (i.e., the Total Number of positive samples minus Number with
measurable residues will equal the number with trace residues). For this reason, this number should not be added to any
of the other categories.

5. The number of samples above the LDs, includes only those samples that have measurable residues and that are above
the most sensitive LDs, (a measurable amount) for the species (listed in Table 6). This is part of the Number with
measurable residues, but lacks those that are not above the LDs (i.e., the Number with measurable residues minus the
Number above the most sensitive LDsy will equal the number that fell between those that had measurable detections
and those that were above the LDs,). For this reason, this number should not be added to any of the other categories.

Brodifacoum residues were found in approximately 69% of samples and in those samples
brodifacoum residues were above the most sensitive LDsy approximately 23% of the time.
Bromadiolone residues were found in approximately 37% of samples and in those samples
bromadiolone residues were above the most sensitive LDsy approximately 8% of the time.
Difethialone residues were found in approximately 8% of samples and in those samples
difethialone residues were above the LDsj approximately 2% of the time.

While residues above the LDs, indicates that some of these animals could have died due to the
concentrations of the rodenticide seen in their liver, it is difficult to definitely correlate exposure
to the cause of death of an individual, without evidence of coagulopathy at necropsy.

Necropsies
Out of the 492 animals analyzed, 211 necropsies (including 124 birds and 87 mammals) were

conducted. The 80 necropsies presented to DPR for evaluation were conducted by veterinarians
(including both those with advanced training in pathology and those without advanced training in
pathology) and non-veterinarians, and were assessed accordingly. The remaining necropsies
were present in Lima and Salmon’s and Riley et al’s papers.

Of the 211 necropsies, 38 (approximately 19%) indicate that anticoagulant rodenticides
contributed to or could be correlated to morbidity (i.e., disease), but were not the cause of death,
or more information or analysis was needed to establish the cause of death. Thirty-three (33) of
the necropsies (approximately 16%) indicate that anticoagulant rodenticides were likely a cause
of death or the cause of death. Of the 33 cases where anticoagulant rodenticides were the most
likely cause of death, second generation rodenticides were involved in 29 cases (approximately
14%). Specifically, brodifacoum was involved in 28 cases (approximately 13%), and
brodifacoum was likely the sole or primary cause of death in 20 cases (approximately 9%).
Additionally, bromadiolone was involved in 7 cases (approximately 3%). Table 8 summarizes
the results.
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Table 8. Summary of the rodenticides identified as the likely cause of death (based on necropsy
results), the concentration(s) of the individual rodenticide(s), and the total rodenticides
concentration in the liver of the animal.

Birds Mammals Number Primary Rodenticide(s) Rodenticide Total Rodenticide
(n=124) (n=87) (n=211) Involved Concentration (ppm) | Concentration
9 (7.3%) 11 (12.6%) 20 (9.5%)" | Brodifacoum Trace to 11.0 Trace to 11.0
i 0.07 to 0.57
4 (3.2%) 2(2.3%) 6 (2.8%)y | Brodifacoum ° 038 to 1.84
Bromadiolone 0.065 to 1.27
1 (0.8%) 0(0.0%) 1(0.5%)’ | Bromadiolone 0.38 0.38
i 0.002 to 0.08
1.(0.8%) 1 (1.1%) 2(1.0%)! | Brodifacoum 0.171 to 1.38
Diphacinone 0.169 to 1.30
2 (1.6%) 0 (0.0%) 2 (1.0%)° Diphacinone Trace to 3.5 Trace to 3.5
0 (0.0%) 2 (2.3%) 2 (1.0%)° Chlorophacinone 0.4to01.2 0.4to1.2
17 (13.7%) | 16 (18.4%) | 33 (15.6%)" | Total

1. The 9 birds were a Cooper’s Hawk, a Turkey Vulture, 2 Barn Owls, 2 Great Horned Owls, and 3 Golden Eagles. The 11
mammals were a mountain lion, an opossum, a red fox, an endangered San Joaquin kit fox, 2 bobcats, 2 fox squirrels, and 3
coyotes.

The 4 birds were 2 Barn Owls and 2 Great Horned Owls. The 2 mammals consisted of 2 mountain lions.

The bird was a Barn Owl.

The bird was a Barn Owl. The mammal was a coyote.

The 2 birds were a Bald Eagle and Turkey Vulture.

The 2 mammals were a coyote and a bobcat.

The 17 birds were a Bald Eagle, a Cooper’s Hawk, 2 Turkey Vultures, 3 Golden Eagles, 4 Great Horned Owls, and 6 Barn
Owls. The 16 mammals were an opossum, a red fox, an endangered San Joaquin kit fox, 2 fox squirrels, 3 bobcats,

3 mountain lions, and 6 coyotes.

Nk

Of the 29 necropsies where second generation anticoagulant rodenticides were the likely cause of
death, the overall levels of second generation anticoagulant rodenticides ranged from trace to
11.0 ppm. In the 20 cases where brodifacoum was the primary or sole compound that caused
mortality, brodifacoum residues ranged from trace to 11.0 ppm.

Animal Descriptions and Habitat

The Migratory Bird Treaty Act of 1918 prohibits the take of native birds (including killing or
causing the death of a bird) without a permit. Additionally, Bald and Golden Eagles are further
protected by the Bald and Golden Eagle Protection Act of 1962. The majority of the birds
analyzed in this paper are carnivores that are likely exposed to rodenticides either by secondary
or tertiary exposure. The Barn Owl and the Great Horned Owl1 are nocturnal raptors. The Barn
Owl prefers to hunt in open country and along the edges of woods (in rural and natural areas),
but also lives in urban and suburban areas. They primarily eat rodents, but will also eat other
small mammals, birds, and invertebrates (Rocha et al (2011) and Pezzo and Morimando (1995)).
Great Horned Owls prefer woodlands (natural) and rural areas, but will live in natural, rural,
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suburban, and urban areas. They primarily eat small or medium mammals (such as rabbits,
squirrels, and rodents), but will also eat larger mammals, birds (including other raptors), reptile,
amphibian, and fish (Marti and Kochert (1996)).

Bald Eagles, Cooper’s Hawks, Golden Eagles, Red-shouldered Hawks, Red-tailed Hawks, and
Turkey Vultures are diurnal raptors. Bald Eagles tend to live among trees near water, and prefer
natural or rural areas (Guinn (2004)). They primarily eat fish, but will also eat carrion, mammals,
avian (including other raptors), reptiles, amphibians, and invertebrates (Peterson (1986)).
Cooper’s Hawks are agile fliers that fly through thick cover (including trees, vegetation, and
buildings) to catch its prey. They prefer wooded and forested areas, but live in urban, suburban,
rural, and natural areas. They primarily prey upon on birds, but will also eat mammals (Roth and
Lima (2003)). Golden Eagles prefer nesting on mountains and hunting in open areas, such as
rural areas (non-agricultural) and natural areas (Carrette et al (2000) and Marzluff et al (1997)).
They primarily eat rabbits and squirrels, but will take prey weighing 1 to 15 pounds, including
mammals, birds (including other raptors), reptiles, amphibians, fish, insects, and carrion (Bloom
and Hawks (1982), and Steenhof and Kochert (1998)). The Red-shouldered Hawk prefers to live
in woodlands (natural areas), especially near rivers or swamps, but will live in suburban and
rural areas. They primarily prey upon small mammals (especially rodents), but will also consume
reptiles, amphibians, birds, and crayfish (Jacobs and Jacobs (2002)). The Red-tailed Hawk
prefers to live in open (rural or natural) areas, but also live urban and suburban areas. They
primarily prey upon rodents, but will also consume other mammals (including predators), birds
(including other raptors), reptiles, amphibians, and insects (Gatto et al (2005), and Steenhof and
Kochert (1998)). Turkey Vultures prefer open areas, such as rural and natural areas. Their diet is
almost exclusively composed of carrion, including small and large mammals, birds, reptiles, and
fish (Hiraldo et al (1991a) and Hiraldo et al (1991Db)).

Some of the mammals analyzed in this paper included bobcats, mountain lions, coyotes, red foxes,
San Joaquin kit foxes, fox squirrels, opossum, and skunks. Bobcats and mountain lions are solitary
animals and strict carnivores (normally only eat meat). Mountain lions tend to found primarily in
rural and natural areas. A mountain lion’s diet is primarily composed of ungulates (primarily deer),
although they will also eat rodents, insects, and predators (including coyotes), depending upon
location, season, and abundance (Blakenship (1995), Iriarte et al (1990), and Riley et al (2007)).
They are most likely to be exposed to rodenticides by tertiary exposure, although secondary
exposure is possible. Bobcats prefer woodland (natural areas), but will live in rural areas, in some
suburban areas, as well as on the edges of urban areas. They primarily consume rodents and rabbits,
although they will also consume insects, reptile, and larger prey (including deer), depending upon
availability, season, and preference (Blakenship (1995) and Litvaitis (1981)). They are most likely
to be exposed by secondary exposure, although tertiary exposure is possible.

Coyotes are a medium sized generalist predator that can live in urban, suburban, rural, or natural
environments. They primarily eat small mammals (such as rodents, rabbits, and squirrels), but
will also eat birds, snakes, deer, seed, and fruit (Blakenship (1995)). There are three red fox
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species in California: the Sacramento Valley red fox, the Sierra Nevada red fox, and the non-
native red fox (Sacks et al (2010)). Although the subspecies can differ in distribution,
appearance, and behavior, the red fox will, in general, live in urban, suburban, rural, and natural
environments. They are crepuscular animals that primarily eat rodents, but their diet also
includes birds, insects, other mammals (including other predators), small deer, fish, fruit, carrion,
and refuse (Lariviere and Pasitschniak-Arts (1996), and Papakosta et al (2010)). The San Joaquin
kit foxes are a small (approximately five pounds) canid that is federally listed as endangered.
They are only found in the San Joaquin Valley and Central Coast of California, but they live in
urban (including downtown Bakersfield), suburban, rural, and natural areas. They primarily eat
rodents (including kangaroo rats), rabbits, and squirrels, but will also consume reptiles, insects,
birds, carrion, fruit, and refuse (Frost (2005)), McGrew (1979)) and Warrick et al (2007)),
depending upon season, availability, and location. Coyotes and foxes most likely ingest
rodenticides secondarily (by ingesting a rodent or squirrel), although they could be exposed via
tertiary exposure or by directly consuming it.

Fox squirrels prefer forested areas, but can be found in urban, suburban, rural, and natural
environments. They consume tree seeds, tree buds, tree flowers, bird eggs, and mushrooms (Lee
et al (2001)) and Koprowski (1994)). They are most likely exposed to rodenticides through direct
ingestion. Virginia opossums are a marsupial. They can live in urban, suburban, rural, and
natural environments. Opossums are opportunistic omnivores, eating insects, plants, fruit,
mammals (carrion and rodents), birds, reptiles, and refuse (McManus (1974)). They are most
likely exposed to rodenticides by direct consumption or secondary exposure. Skunks live in
urban, suburban, rural, and natural areas. They are crepuscular omnivores that eat primarily
insects, but will also eat vertebrates, carrion, eggs, fruit, leaves, grains, nuts, and refuse
(Kasparian et al (2002) and Wade-Smith and Verts (1982)). They most likely ingest rodenticides
by secondary exposure, but may also be exposed by tertiary exposure or direct ingestion the
rodenticide.

Location & Land Use

Of the 492 animals, counties were provided for 491 of them and more precise locations (i.e.,
urban, rural, natural/wild area based on population and/or land use) were provided for

198 animals. DPR looked at the location where each of the animals analyzed were found to see if
they represent California as a whole, and to determine whether the animals were found in
predominately urban, rural, or natural (wild areas) settings.

The 492 animals came from at least 35 California counties, including Alameda, Colusa, Contra
Costa, El Dorado, Fresno, Glenn, Kern, Kings, Los Angeles, Madera, Marin, Mendocino,
Merced, Monterey, Napa, Orange, Placer, Riverside, Sacramento, San Benito, San Bernardino,
San Diego, San Francisco, San Joaquin, San Luis Obispo, San Mateo, Santa Clara, Santa Cruz,
Sonoma, Solano, Stanislaus, Sutter, Tulare, Ventura, and Yolo.





Ann M. Prichard
September 19, 2012
Page 20

The map below shows all the counties from which animals were analyzed.

SISKIYOU MODOC

SAN BERNARDINO
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Figure 1. Counties in California from which animals were analyzed, as indicated by a .

The data indicate that animal’s positive for anticoagulant residues were found in urban and rural
settings, as well as nature preserves. For example, Lima and Salmon’s (2010) data indicate that
residues of second generation anticoagulant rodenticides were found more often in raptors in
San Diego County, than in raptors from the Central Valley. See Table 9.
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Table 9. Number of raptors analyzed that had anticoagulant rodenticide residues (including trace
residues) by region from 2006 to 2009 (n = 96 raptors)'.

Region Number Second Generation Anticoagulant First Generation Anticoagulant

of samples Rodenticides Rodenticides

analyzed Brodifacoum Bromadiolone | Difethialone Chlorophacinone | Diphacinone | Warfarin
iz?lftlyeg" 53 49 (92.4%) | 22 (41.5%) | 8(15.1%) | 0 (0.0%) 0(0.0%) | 0(0.0%)
Central Valley 43 25(58.1%) | 5(11.6.0%) | 0 (0.0%) 1 (2.3%) 0 (0.0%) 0 (0.0%)
Total 96 75 (78.1%) | 28 (29.2%) | 8(8.3%) 1 (1.0%) 0 (0.0%) 0 (0.0%)

1. Animals may be positive for more than one rodenticide.
2. Data differs from Lima and Salmon’s Table 3.

In San Diego County, there was no statistical difference between the percentage of animals with
residues of brodifacoum, bromadiolone, and difethialone in rural areas (as defined by population)
and urban areas (using Preacher (2001)), even though bromadiolone residues were found in a
higher percentage of urban samples than in the rural samples. See Tables 10 and 13, below.

Table 10. Number of raptors analyzed that had anticoagulant rodenticide residues (including
trace residues) by population density/land use within San Diego County from 2006 to 2009

(n=53 raptors) .

Popu@atlon N“mber oif Brodifacoum Bromadiolone Difethialone
Density Animals
Urban 17 16 (94.1%) 9 (52.9%) 3 (17.6%)
Unknown 1 0 (0.0%) 0 (0.0%) 0 (0.0%)
Rural 35 33 (94.3%) 13 (37.1%) 5 (14.3%)

8 (15.1%)
Total 53 49 (92.5%) 22 (41.5%)

1. Samples may be positive for more than one rodenticide.

2. None of the samples were positive for a first generation anticoagulant rodenticide.

Of the 120 animals analyzed from the San Joaquin kit fox data (CDFG (2011) and CDFG
(2012b)), including 110 San Joaquin kit fox, 1 badger, 1 bobcat, 2 coyotes, 2 skunks, and 4 red
foxes, approximately 80% of the animals from Bakersfield (an urban area) had residues of
brodifacoum. Only 30% of the animals had residues of brodifacoum from “other locations” in
Kern, San Benito, San Luis Obispo, and Tulare counties (which could include urban, suburban,
rural, agricultural, and/or natural areas) and none of the animals from Lokern (a 40,000 acre
natural area, designed to provide quality brush scrub habitat for threatened and endangered plants
and animals) had residues of brodifacoum. However, one animal collected from Lokern (in
2007) was positive for bromadiolone. See Tables 11 and 13, below.
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Table 11. Number of animals analyzed that had anticoagulant rodenticide residues (including

trace residues) by location (land use and County) from 1999 to 2011 (n=120)"*.

i Second Generation Anticoagulant First Generation Anticoagulant
Locat17n (Land County | Number Rodenticides Rodenticides
use/type) Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone
Bakersfield (Urban) Kern 75 60 (80.0%) 29 (38.7%) 0 (0%) 6 (8.0%) 2 (2.7%)
Unknown Kern 10 7 (70.0%) 8 (80.0%) 2 (20.0%) 1 (10.0%) 0 (0%)
Other’ Various 20 6 (30.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Lokern (Natural
Area) Kern 15 0 (0%) 1 (6.7%) 0 (0%) 0 (0%) 0 (0%)
Total 120 73 (60.8%) 38 31.7%) 2 (1.7%) 7 (5.8%) 2 (1.7%)
1. Samples may be positive for more than one rodenticide.
2. None of the samples were positive for warfarin.
3. “Other” includes areas in Kern, San Benito, San Luis Obispo, and Tulare counties which could include

urban, suburban, rural, agricultural, and/or natural areas.

Multiple studies have been conducted on coyotes, bobcats, and mountain lions, in Los Angeles
and Ventura Counties, in urban and rural areas, including in the Santa Monica Mountains
National Recreation Area (SMMNRA). The SMMNRA preserve is over 150,000 acres in the
Santa Monica Mountains, between the Pacific Ocean and the inland valley. It contains many
individual parks and open spaces, and is administered by the National Park Service (NPS), in
conjunction with multiple state and local agencies and groups. While some parks and spaces
within the park do not use second generation anticoagulant rodenticides, at least one facility in
the NPS uses bromadiolone inside tamper-proof boxes (Miller, 2012).

Of the 28 mountain lions found in eight counties that were tested between 1997 and 2011,

100% tested positive for a second generation rodenticide, approximately 96% tested positive for
brodifacoum, 93% tested positive for bromadiolone, and 39% tested positive for difethialone
(almost all of the mountain lions were positive for more than one rodenticide). In their study of
mountain lions and bobcats in the Santa Monica Mountains (including in the SMMNRA) and
Simi Hills of Los Angeles and Ventura Counties, Riley et al (2007) found that mountain lions
were “less urban-associated than bobcats... but both mountain lions... diagnosed with
anticoagulant intoxication died after spending the bulk of their last month in the most developed
parts of their home ranges.” Additionally, a mountain lion’s diet is primarily composed of
ungulates (primarily deer), although they will also eat rodents, insects, and smaller predators,
depending upon location, season, and abundance (Iriarte et al (1990) and Riley et al (2007)).
However, Riley et al (2007) found that “coyotes made up 15% and 7% of the kills for the 2 lions
that died of anticoagulant intoxication.” This suggests that the mountain lions that died due to
anticoagulant toxicity spent more time in the developed part of their home ranges and were

consuming more coyotes than the mountain lions that died due to other causes.
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Of the 41 bobcats found in five counties and analyzed between 1995 and 2010, approximately
85% tested positive for second generation rodenticides, 76% tested positive for brodifacoum,
63% tested for bromadiolone, and 26% tested positive for difethialone (most of the coyotes
tested positive for more than one rodenticide). Between 1995 and 2003, Riley et al (2007)
analyzed 35 bobcats in the Santa Monica Mountains (including in the SMMNRA) and Simi Hills
of Los Angeles and Ventura Counties. Approximately, 94% tested positive for second generation
rodenticides, 82% tested positive for brodifacoum, 71% tested for bromadiolone, and 29% tested
positive for difethialone. All nineteen bobcats that died due to severe notoedric mange also tested
positive for second generation anticoagulant rodenticides, with brodifacoum ranging from trace
to 0.56 ppm. In bobcats with levels of more than 0.05 ppm, the association to mange (and
mortality) was “highly significant,” with a p-value < 0.01 (using a Mann-Whitney U test or a
Fisher’s Exact test). Bobcats are considered strict carnivores and primarily consume rodents and
rabbits, although they will also consume insects, reptile, and larger prey (including deer),
depending upon availability, season, and preference (Litvaitis (1981)).

Of the 44 coyotes found in seven counties and analyzed between 1998 and 2010, approximately
75% tested positive for second generation rodenticides, 75% tested positive for brodifacoum,
27% tested for bromadiolone, and 9% tested positive for difethialone. Coyotes found in the
SMMNRA (a natural area), in “urban” areas of Los Angeles and Ventura Counties, and unknown
areas of Los Angeles and Ventura Counties between 1997 and 2003 were analyzed for
rodenticides (Riley, 2012). Out of 25 coyotes, 76% tested positive for brodifacoum, 32% tested
positive for bromadiolone, and 16% tested positive for difethialone. There was no statistically
significant difference (using Chi-square) between the urban and the natural areas. Tables 12 and
13 summarize the results.
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Table 12. Number of coyotes analyzed that had anticoagulant rodenticide residues (including
trace residues) by location (land use) within Los Angeles and Ventura Counties from 1997 to
2003 (n=25)"".

First G tion Anti lant
Land type/ Number of | Second Generation Anticoagulant Rodenticide 1S en;ra éon ; }(111coagu an
Population Covot odenticide
Density oyotes Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone
Urban 14 11 (78.6%) 6 (42.9%) 4 (28.6%) 1 (7.1%) 2 (14.3%)
Unknown 5 4 (80%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)
SMMNRA o o y 0 0
(Natural Area) 6 4 (66.7%) 1 (16.7%) 0 (0%) 0 (0%) 2 (33.3%)
Total 25 19 (76%) 8 (32%) 4 (16%) 1 (4%) 4 (16%)

1. Samples may be positive for more than one rodenticide.

2. None of the samples were positive for warfarin.

DPR analyzed the coyotes from Los Angeles and Ventura Counties, Lima and Salmon’s raptor
study, and the San Joaquin kit fox study, as a group so that the results could be compared. DPR
analyzed the animals by location (using land use and/or population density) for rodenticides. See
Table 13, below.
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Table 13. Number of animal analyzed that had anticoagulant rodenticide residues (including
trace residues) by land use and/or population density from 1997 to 2011 (n=209)".

First Generation Anticoagulant
Land 'f}g):r/l Eﬁglﬂation Number Second Generation Anticoagulant Rodenticides Rodenticides
Brodifacoum®” Bromadiolone™ Difethialone®” Chlorophacinone Diphacinone
Urban”**" 115 96 (83.4%)™ | 41 (35.7%)" 4 | 7 (3.40)" 404 8 (7.0%) 4(6.1%)
Unknown® 16 11 (68.8%) 9 (56.3%) 2 (12.5%) 1(6.3%) 0 (0%)
Other” 20 6 (30.0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Rural®®® 35 33 (94.3%)% | 13 (37.1%)" 4% | 5 (14.305)*4c4 0 (0%) 0 (0%)
Natural®®’ 23 6 (26.1%)™ 2 (8.6%) - 4e4d 0 (0%)*>:4e4d 1 (4.3%) 3 (13.0%)
T"?Iii‘r’rf;ﬁese 209 152 (72.7%) 66 (31.6%) 14 (6.7%) 10 (4.8%) 7(3.7%)
‘:;fiz(;’ggg 492 339 (68.9%) 183 (37.2%) 41 (3.3%) 18 (3.7%) 53 (10.8%)

1. Animals may be positive for more than one rodenticide. No animal was positive for warfarin.

2. Using a Chi-square test (with a Yates correction for continuity when appropriate (i.e., at least 20% of the
cells had a frequency of less than 5 (per (a) Preacher (2001), (b) calculation, and/or (¢) both))), the three
second generation anticoagulant rodenticides (as a group, using the actual numbers in the table (i.e., not the
percentages)) were analyzed at each land use type (compared to the average). When the notations differ (2a
through 2b), the locations differ statically significantly (p<0.05) from each other (Preacher (2001)).

Additionally, when urban, rural, natural, and average were compared to each other using a 4 by 3
contingency table using Chi-square (Preacher (2001)) using a statically significantly of p<0.05, a

significant difference was found. However, when the Yates correction is applied, there is no significant

difference between all three groups.

3. Using a Chi-square test (with a Yates correction for continuity when appropriate), the data for urban, rural,
and natural, and an alpha of 0.05, each rodenticide was analyzed to determine if location has no influence
on the observed frequencies. Rodenticides with a * had a significant difference, indicating that location had
an influence on the observed frequency. Rodenticides with a * did not have a significant difference,
indicating that location did not have a significant influence on the observed frequencies (Preacher (2001)).

4. Using a Chi-square test (with a Yates correction for continuity when appropriate, Preacher (2001)), the
three second generation anticoagulant rodenticides (individually, using the actual numbers in the table (i.e.,
not the percentages)), were analyzed at each location. When the notations differ (4a through 4c), the
locations differ statically significantly (p<0.05) from each other.

5. The urban animals include: 1 badger, 1 skunk, 2 Cooper’s Hawks, 2 Red-tailed Hawks, 2 Sharp-shinned
Hawks, 4 Red-shouldered Hawks, 4 red foxes, 7 Barn Owls, 24 coyotes, and 69 San Joaquin kit foxes.

6. The animals from Unknown areas include: 1 Great Horned Owl, 5 coyotes, and 10 San Joaquin kit foxes.

7. The animals from Other areas include: 1 bobcat, 1 skunk, and 18 San Joaquin kit fox. Other Locations were
designated by the study authors and include areas in Kern, San Benito, San Luis Obispo, and Tulare
counties and could include urban, suburban, rural, agricultural, and/or natural areas.

8. The animals from Rural areas include: 1 American kestrel, 1 hawk, 2 Great Horned owls, 2 Sharp-shinned
hawks, 4 Red-tailed hawks, 7 Red-shouldered hawks, 8 Cooper’s hawks, and 10 Barn owls.

9. The animals from Natural areas include: 1 black bear, 9 coyotes, and 13 San Joaquin kit fox.
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Even though Table 13 only utilizes about half of the analyzed data, and does not include bobcats,
mountain lions, foxes, coyotes, or the raptors from the CDFG data, it does include the bobcats
and mountain lions from Riley et al (2007), the raptors from Lima and Salmon (2010 and 2012),
the coyotes from Riley (2012), and the San Joaquin kit fox study from CDFG (2011 and 2012b).
It indicates that there is no significant difference between the percentages of animals found to
have residues of second generation rodenticides (individually) in rural versus urban
environments. The data also show a statistical difference between the percent of animals with
brodifacoum in the rural and urban environments as opposed to the natural environment.
Additionally, it shows that there is no significant difference in the occurrence of bromadiolone
and difethialone in rural, urban, and natural areas, even though the rodenticides occurred less
frequently in natural areas.

Rodenticide Sales/Use Rates

Two DPR databases were used to determine rodenticide use rates in California: Pesticide Use
Report (PUR) and “Report of Pesticide Mill Assessments in California” (also referred to as the
Mill Assessment Database). All agricultural pesticide use must be reported monthly to County
Agricultural Commissioners, who in turn, report the data to DPR. The PUR is a yearly
compilation of this data, (reported in total pounds of active ingredient (a.i.)). In California, the
term “agricultural use” includes pesticide applications to crops, parks, golf courses, pastures,
landscape maintenance, and roadsides/right of ways. Although not considered ‘“agricultural use,”
all applications made by licensed applicators, including structural application, public health
application, and home and garden applications, are included in the PUR database. The PUR does
not include applications of pesticides by homeowners or other non-licensed persons, including
home and garden use, most industrial uses, and most institutional uses. The Mill Assessment
Database indicates pesticide sales (in dollars) and quantity (in pounds or gallons) of all registered
pesticides sold in California.

Table 14 compares the average total pounds of first and second generation anticoagulant
rodenticide active ingredients sold per year between 2006 and 2010 in California, to the average
total pounds of reported use of the same active ingredients for the same years. DPR then
subtracted the average annual pounds sold by the average annual pounds reported used to
estimate the average annual pounds of rodenticides used by non-licensed persons. For purposes
of this analysis, DPR assumed a zero percent error between sales and unlicensed use of
anticoagulant rodenticides. However, sales and use are not directly related to each other as a
person may buy rodenticide one year, but not necessarily use the rodenticide that year or at all.
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Table 14. A comparison of the average per year (2006 to 2010) of rodenticides sold (in pounds
a.i.) to the average per year (2006 to 2010) of pounds of rodenticides reported used (PUR) (in
pounds a.i.) to an estimated pounds of use of rodenticides by non-licensed personnel (calculated
by subtracting the PUR from the total sold).

) 2 Estimated
R(};l}g;:i(c)fde Loty (1stoz)aflasiO 121/ ) (Ibs (I:EaRi (%)) Non-licensed Use®
0B e (Ibs. of a.i. (%))
Second Brodifacoum 26.58 (6.54%) 3.07 (2.66%) 23.51 (8.09%)
€Ccon
Generation Bromadiolone 51.02 (12.56%) 32.48 (28.10%) 18.54 (6.38%)
/l*{ntcilcoagl}éant Difencoum® 0.25 (0.06%) 0.015 (0.01%) 0.235 (0.08%)
odenticides
Difethialone 4.49 (1.1%) 3.64 (3.15%) 0.85 (0.29%)
First Chlorophacinone |  66.54 (16.38%) 17.42 (15.07%) 49.12 (16.79%)
Afgggg&?:m Diphacinone 226.99 (55.9%) 56.70 (49.05%) 170.29 (58.57%)
Rodenticides Warfarin 30.44 (7.49%) 2.27 (1.96%) 28.17.(9.69%)
Total Rodenticides 406.32 (100.00%) | 115.595 (100.00%) 270.485 (100.00%)

1. From the Mill Assessment Database.

2. From the PUR database. The PUR includes pesticide applications on parks, golf courses, pastures,
structural pest control, landscape maintenance, roadsides/right of ways, and crops, and all
pesticide applications made by licensed applicators.

3. Calculated by subtracting the “PUR” Use from the Total Sold. Estimates the rodenticides applied
by non-licensed applicators (i.e., homeowners, building and maintenance workers, custodians).

4. 2 year (2009 and 2010) average.

If the pounds of anticoagulant rodenticides sold or reported used in California per year seem low,
please note that the figures are in pounds of “active ingredient,” not pounds of product
containing the active ingredient. Most anticoagulant rodenticides contain around 0.002% to
0.005% active ingredient. Therefore, over 200,000 pounds of formulated product containing the
active ingredient brodifacoum were sold or used in California per year.

When reporting pesticide use to DPR, applicators must indicate a “use site.” Table 15
demonstrates how much (both in pounds of a.i. and percent) of the reported use of each
anticoagulant rodenticide, between 2006 and 2010, was identified as used on a “Public Health,”
“Regulatory Pest Control,” “Structural Pest Control,” or “Vertebrate Pest Control” use site.
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Table 15. Reported annual use for Public Health, Regulatory Pest Control, Structural Pest

Control and Vertebrate Pest Control separated out in pounds of active ingredient (Ib of a.i.) and
percentage that each use represents of the a.i. for each rodenticide of the seven anticoagulant

rodenticides between 2006 and 2010.

Type of thRa{ Public health Regulatory pest Structural pest Vertebrate pest Other Uses

Rod}gt)lticide Rodenticide (Ibs. of (Ibs. of a.i.) control (Ibs. of a.i.) control (Ibs. of a.i.) control (Ibs. of a.i.) (Ibs. of a.i.)

N (% of use) (% of use) (% of use) (% of use) (% of use)

a.i.)
Brodifacoum 3.07 0.004 (0.12%) 0.01 (0.32%) 2.62 (85.45%) 0.10 (3.10%) 0.336 (10.94%)
GS;Z:’;ﬂm Bromadiolone 32.48 0.61 (1.86%) 0.003 (0.01%) 28.11 (86.54%) 0.48 (1.49%) 3.277 (10.09%)
Anticoagulant Difenacoum’ 0.015 0 (0.00%) 0.001 (6.67%) 0.008 (53.33%) 0.001 (6.67%) 0.005 (33.33%)
Rodenticides

Difethialone’ 3.64 0 (0.00%) 0 (0.00%) 2.08 (57.20%) 0.01 (0.36%) 1.55 (42.58%)
First Chlorophacinone 17.42 0 (0.00%) 0 (0.00%) 1.50 (8.58%) 2.18 (12.54%) 13.74 (78.87%)

Agteigsglll(l):nt Diphacinone 56.70 0.19 (0.34%) 2.53 (4.47%) 39.19 (69.12%) 10.38 (18.30%) 4.13 (7.28%)
Rodenticides Warfarin 227 0.003 (0.12%) 0 (0.00%) 0.19 (8.50%) 1.70 (74.67%) 0.377 (16.61%)

1. From the PUR database. The PUR includes pesticide applications on parks, golf courses, pastures,
structural pest control, landscape maintenance, roadsides/right of ways, and crops and pesticide
applications made by licensed applicators.

2 year (2009 and 2010) average.

3. In 2010, the PUR for difethialone was likely reported in gallons instead of pounds, so a 4-year

average for the Structural Use data was utilized (2006 to 2009).

Between 2006 and 2010, of the four second generation rodenticides, bromadiolone was the
highest in terms of average annual total of pounds of active ingredient sold and reported used.
Approximately 51 pounds of bromadiolone were reported sold, and approximately 33 pounds
were reported used. Of the 33 pounds of bromadiolone reported used, approximately 87% was
for structural pest control. DPR estimates that 19 pounds of bromadiolone were used by
non-licensed persons.

Brodifacoum was the second highest second generation anticoagulant rodenticide in terms of
average annual pounds of active ingredient sold. However, it is third highest in terms of pounds
reported used. An average of approximately 27 pounds of brodifacoum active ingredient was
sold annually in California over the four years. However, only three pounds of brodifacoum were
reported used. Based on the difference between sales and reported use, DPR estimates that 89%
of brodifacoum use was by non-licensed persons (homeowners, building and maintenance
workers, custodians, etc.).

This information is not surprising as the majority of products containing brodifacoum were
marketed for use by homeowners and non-licensed personnel, whereas the structural pest control
industry has favored the use of bromadiolone. As shown in Table 14, both chemicals have been
used in structural pest control, just by different types of applicators (i.e., licensed vs. unlicensed).
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As shown in Table 15, there have been relatively few sales and/or reported use in California of
either difethialone or difenacoum. This may be a reflection of the fact that these are the most
recent second generation anticoagulant rodenticides to receive registration in California, not that
these rodenticides will not cause a problem for non-target wildlife.

Uncertainties

The scope of DPR’s analysis is limited to available data. The data show that exposure and
toxicity from second generation anticoagulant rodenticides is occurring to non-target wildlife.
However, the data do not tie that exposure/toxicity any particular rodenticide use pattern (i.e.,
indoor versus outdoor use of rodenticide). As mentioned above, DPR attempted to separate use
of second generation anticoagulant rodenticides by licensed (professional) versus unlicensed
personnel by subtracting the average pounds reported use from the average annual pounds sold.
However, sales and use are not directly related to each other as a person may buy a rodenticide
one year, but not necessarily use the rodenticide that year or at all. In addition, it is not known
how much of the “estimated use” of second generation anticoagulant rodenticides by unlicensed
persons is for industrial, institutional, home/garden, or other uses, and how much is correctly
applied, accidently mishandled, or intentionally misused. Morzillo and Mertig 2011(a) found that
only 10% of residents who used rodenticides were aware of the potential non-target effects.
Additionally, Morzillo and Schwartz (2011) found that residents attempt to control target
animals, as well as non-target pests and non-target carnivores, including San Joaquin kit fox and
coyotes.

Additionally, there are known cases of illegal use. In 2010, the Forest Service cleaned up and
restored 335 illegal marijuana sites in national forests in California, removing more than

300 pounds of pesticides (Ferrell (2011) and USDA Forest Service (2011)), including
rodenticides which are used to protect the marijuana plants from rodents. Ferrell stated that,
“anticoagulant rodenticide... contamination could contribute to continued decline of the Fisher’s
population.” Additionally, according to Gurrola (2010), in certain counties, medical marijuana
“has had problems with outdoor growers using massive quantities of rodenticides to protect their
crops from rodents,” which can cause “secondary poisoning to non-target species and...
(m)edical marijuana patients.”

Summary

The data clearly indicate that exposure and toxicity to non-target wildlife from second generation
anticoagulant rodenticides is a statewide problem. Research data from various locations
throughout California indicate that exposure is occurring in many taxa and in every ecosystem.
Mammals, birds, and even a reptile, have tested positive for second generation rodenticides.
Based on the data provided, DPR believes that the exposure of wildlife to second generation
rodenticides is a problem in both urban and rural areas. While the data show exposure, they do
not link specific uses, or location of use of second generation anticoagulant rodenticide (i.e.,
indoors versus outdoors, homeowners versus professionals) that resulted in the exposure.
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Additionally, although brodifacoum was found less often in the natural areas, second generation
anticoagulant rodenticides were still found in animals in natural areas.

The data also indicate that brodifacoum and difethialone are extremely toxic to both birds and
mammals. Bromadiolone and difenacoum are moderately toxic to birds, but extremely toxic to
mammals.

Brodifacoum was first registered for use in California in 1983. An average of 27 pounds of
brodifacoum active ingredient were sold each year for the last five years, 12 pounds of which
were reported used by licensed by licensed pest control applicators. While brodifacoum accounts
for approximately 7% of all anticoagulant rodenticides sold, residues of brodifacoum were found
in approximately 68% of the animals that DPR analyzed, including coyotes, bobcats, mountain
lions, endangered San Joaquin kit foxes, and federally protected raptors. Of the animals analyzed
between 1995 and 2011, brodifacoum was likely involved in approximately 13% of animal
mortalities and was solely responsible for 9% of animal mortalities.

Bromadiolone was first registered in California in 1982. An average of 51 pounds per year of
bromadiolone active ingredient was sold in California between 2006 and 2010, approximately
63% of which was reported used by licensed pest control applicators. Of the rodenticides sold in
California, bromadiolone accounted for approximately 13% of anticoagulant rodenticide use.
Bromadiolone residues were found in approximately 36% of the animals analyzed, including
coyotes, bobcats, mountain lions, endangered San Joaquin kit foxes, and federally protected
raptors. Between 1995 and 2011, bromadiolone was likely involved in approximately 3% of
animal mortalities.

Difethialone was first registered for use in California in 1997. Difethialone accounts for
approximately 1% of anticoagulant rodenticide sales, with approximately 80% reported used by
licensed pest control applicators. Residues were found in approximately 8% of the animals
analyzed, including bobcats, mountain lions, coyotes, and federally protected raptors. While
DPR has no data indicating that difethialone was directly involved in an animal mortality, the
data do indicate that the percent of animals with difethialone residues above the most sensitive
LDsy is relatively high compared to the percent of difethialone sold. Based on its half-life and
toxicity data, difethialone appears to be most similar to brodifacoum.

Difenacoum, the newest second generation anticoagulant rodenticide, was first registered with
the DPR in 2008. Between 2009 and 2010, difenacoum accounted for approximately 0.3% of the
anticoagulant rodenticide that was sold, almost all of which was sold for unlicensed use. In
England, between 1998 and 2006, there were eight to 36 “wildlife incidents” per year involving
difenacoum. The affected animals included raptors, song birds (i.e., passerines), game birds,
domestic animals (dogs and cats), wild canids, and rodents (U.S. EPA, 2007). Based on its half-
life and toxicity data, difenacoum appears to be most similar to bromadiolone.
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The data also show that exposure of wildlife to second generation anticoagulant rodenticides can
lead to sub-lethal effects. Multiple studies have shown that sub-lethal doses can cause lethargy,
shortness of breath, anorexia, bloody diarrhea, and tenderness of the joints. Riley et al’s (2007)
study of bobcats is an example of sub-lethal effects. Mortality in bobcats due to notoedric mange
had not previously been reported as a significant pathogen in wild felid. This shows that even
sub-lethal exposures to anticoagulants may contribute to the disease process or receiving trauma,
and hence the mortality in a wild animal. In addition, to date, very few studies have looked at
rodenticide residues in fetuses or in newly whelped or hatched animals. Klein Sereiys’s (2012)
data, which found residues in a bobcat fetus, indicate that rodenticides are able to pass the
placental barrier. The sub-lethal effects of rodenticides reduce the fitness of wildlife.

Conclusion

Based on the data above, DPR finds that use of two of the four second generation anticoagulant
rodenticides--brodifacoum and bromadiolone-- present a hazard related to persistent residues in
target animals resulting in impacts to non-target wildlife. Because they are similar in half-life
and toxicity, DPR also find that if the use of difethialone and difenacoum were to increase,
rodenticides containing those two second generation anticoagulant rodenticides may also present
a hazard related to persistent residues in target animals.
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APPENDIX I: Non-California Data

DPR also evaluated studies conducted in locations other than California. When the data came
from a rodent eradication effort, rodenticide use rates were significantly higher than normal label
rates. However, the data are still useful for presenting the potential impacts of rodenticides.

Howald et al (2009) utilized brodifacoum to eradicate black rats (Rattus rattus) from the three
islets of Anacapa Island. An endemic mouse (the Anacapa deer mouse) and several protected
birds also inhabited the island. Even though the organizers employed several measures to reduce
mortality of the non-target organisms, at least 94 birds were found dead after the bait application
including 6 Burrowing Owls, an American Kestrel, 3 Barn Owls, and multiple thrushes.

The Department of Environmental Conservation (2012) necropsied and ran rodenticide analysis
on 4 Red-tailed Hawks found dead in Manhattan, New York. One had residues of difethialone, 2
had residues of difethialone, brodifacoum, and bromadiolone, and 1 had residues of difethialone,
brodifacoum, bromadiolone, and diphacinone. Based on necropsies conducted by veterinarians, 3
died due to anticoagulant rodenticide poisoning and 1 died due to “complications due to egg
laying (oviductal prolapse), possibly exacerbated by hemorrhaging.” The Department of
Environmental Conservation concluded that at least 1 of the Red-tailed Hawks most likely died
directly from difethialone toxicity.

Stone et al (1999) documented 52 non-target wild animals that appeared to have died due to
anticoagulant rodenticide toxicosis in New York between 1989 and 1997. Brodifacoum was
found in over 90% of the animals. Raptors (primarily Great Horned Owls and Red-tailed Hawks)
comprised half the cases. Eastern gray squirrels, raccoons, and white-tailed deer were the
mammals that were most frequently poisoned.

Murray (2011) analyzed the livers of 4 raptor species presented to a wildlife rehabilitation clinic
between April 2006 and March 2010. All either died or were euthanized. Of the 161 birds, 139
(86%) had residues of anticoagulant rodenticides, including 100% of the Great Horned Owls,
89% of the Red-tailed Hawks, 87% of the Eastern Screech Owls, and 75% of the Barred Owls.
One-hundred thirty-six animals had residues of brodifacoum, including 99% of the positive
birds. One Barred Owl and 1 Red-tailed Hawk were positive for both brodifacoum and
difethialone, and 1 Barred Owl was positive for bromadiolone. Rodenticide toxicosis was
identified as the cause of death in nine animals (5.6% of the animals), all of which had
brodifacoum residues.

Howald (1997) examined the Canadian Wildlife Service’s attempt to eradicate the Norway rat
(Rattus norvegicus) from Langara and Lucy Islands using brodifacoum in baiting stations. Of the
radio-collared Norway rats between 13.4% and 33.3% died above ground and some appeared to
have been scavenged. Thirteen (100%) ravens tested positive for brodifacoum (with a liver
brodifacoum range of 0.985 to 2.522). The cause of death was confirmed at necropsy and none
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of the birds were in poor body condition or had any evidence of other diseases. Crows tested
positive for brodifacoum up to nine months after the baiting ceased and bald eagles were also
confirmed to be exposed. Crows and ravens were observed eating rats and the bait. Snails, slugs,
blowfly larva, and other species also tested positive for brodifacoum.

Several papers have suggested that invertebrates might be potential sources of rodenticides to
animals that predate invertebrates (Booth et al (2001), Booth et al (2003), Brakes and Smith
(2005), Craddock (2003), Fisher et al (2011), Ogilvie et al (1997), and Shlosberg and Booth
(2001)). Weta, cockroachs, beetles (Holcaspis stewartensis and Mecodema), locuses, and land
crabs all tested positive for brodifacoum (range: 0.02 to 7.47 ug/g), after either directly
consuming or being gavaged with brodifacoum. While the animals themselves appeared
relatively insensitive to brodifacoum (with no mortality reported), these animals can travel up to
10 meters and it could take more than ten weeks for the brodifacoum to return to pre-baiting
levels. Additionally, brodifacoum caused mortality in three species of snails (Pachnodus
silhouettanus, Achatina fulica, and Pachystyla bicolor).

Albert et al (2009) collected 164 dead owls (Barn, Barred, and Great Horned Owls) in Canada.
Albert et al conducted necropsies and analyzed the livers for seven rodenticides (brodifacoum,
bromadiolone, chlorophacinone, diphacinone, difethialone, pindone, and warfarin). Of the
samples, 70% had detectable residues of at least one rodenticide. The prevalence of brodifacoum
was approximately 50% and the prevalence of bromadiolone was approximately 52%. Nine of
the birds (approximately 6%) were assigned anticoagulant rodenticide poisoning as the “final
cause of death.”

Thomas et al (2011) analyzed data (from the previous 10 years, including from Albert et al
(2009)) of 270 birds (including 196 Great Horned Owl and Red-tailed Hawks) from Canada
using logistic regression to estimate the probability of rodenticide toxicosis at various levels of
second generation anticoagulant rodenticides. They found that approximately 65% of the Great
Horned Owls and Red-tailed Hawks had residues of at least one second generation anticoagulant
rodenticide and that approximately 11% of Great Horned Owls were at risk of dying directly due
to the effects of second generation anticoagulant rodenticides.

Lambert el al (2007) collected 58 dead birds (including raptors and water birds) from Loire
Atlantique, France, conducted necropsies on them, and had their livers analyzed for five
rodenticides, including brodifacoum, bromadiolone, and difenacoum. Bromadiolone residues
were found in 26% of the animals and difenacoum residues were found in approximately 14% of
the animals. Based on the results of the necropsies, none of the animals appeared to have died
directly from anticoagulant rodenticide toxicity.
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Summary
The above data indicate that non-target animals from locations outside of California have also
been impacted by second generation anticoagulant rodenticides.
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Appendix Il: Additional Information and Data in California

Additional California data that did not fit easily into DPR’s main analysis and/or needed
additional explanation are summarized in this section:

Reptiles

Measurable levels of difethialone were found in a gopher snake in the Los Angeles area (Klein
Sereiys (2012)). Fisher and Saunders (2012) found that Galapagos tortoises were unlikely to
consume brodifacoum. However, Hoare and Hare (2006) found that 2 species of New Zealand
geckos would consume bait. Spurr (1993) reported a case where over 100 skinks (Leiolopisma
otagense and L. grande) were found dead after an eradication effort using brodifacoum. Harper
et al (2011) found a mortality rate of approximately 5% among Galapagos land iguanas after an
eradication program for the black rat (Rattus rattus) using brodifacoum on Seymour Norte,
Galapagos. Eason and Spurr (1995) concluded that reptiles and amphibians “may be at risk from
secondary poisoning” especially if they consumed invertebrates that had fed on brodifacoum.
This data indicates that reptiles may also be impacted by anticoagulant rodenticides.

Fetal & neonatal data

The fetus of a bobcat that was hit by a car in the Los Angeles area contained residues of
brodifacoum and diphacinone (Klein Sereiys (2012)). Additionally, 1 of 4 fisher kits (that were
nursing as their sole source of nutrition) contained trace levels of brodifacoum (Gabriel et al
(2012)). The bobcat and kit data suggest that neonatal and lactation transfer are two additional
possible routes of exposure for anticoagulant rodenticides that may result in impacts to wildlife.

To date, very few studies have looked at rodenticide residues in fetuses or in newly whelped or
hatched animals. In humans, anticoagulants are known to induce two different effects, depending
on the time of exposure. Fetal warfarin syndrome is characterized by nasal hypoplasia, causing
respiratory difficulty. Fetal wastage results in nervous system, skeletal, and ophthalmological
abnormalities causing blindness, low birth weight, and developmental delays (Howald (1997)).

Munday and Thompson (2003) found that two newly whelped puppies that died shortly after
birth had brodifacoum residues and showed signs of rodenticide toxicity. The puppies had signs
of coagulopathy and were statistically significantly smaller than the unaffected puppies, even
though the dam and five unaffected puppies were clinically normal. The authors stated that, “the
dam was unaffected, suggesting that fetuses are more susceptible to brodifacoum toxicity than
adult animals.” If this is the case, then even healthy animals that have residues of anticoagulant
rodenticides and are pregnant might lose their offspring due to the effects of the rodenticides.

Naim et al (2011) compared the breeding performance of Barn Owls in Oil Palms that were in an
untreated control or had been treated with warfarin, brodifacoum, or a bio-rodenticide
(Sarcocystis singaporensis, a parasitice protozoon) in three successive seasons. The researchers
found no difference in the clutch size based on treatment. However, there was a statistically
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significant difference in hatching success. Brodifacoum resulted in a hatching success rate of
approximately 43%, whereas the control showed a hatching success rate of approximately 84%.
Fledging success was also statistically different among the 4 treatments, with the control
showing approximately 78% success and those exposed to brodifacoum showed 10% success. In
all three seasons, brodifacoum was correlated to the lowest hatching and fledging success
(statistically significant from all other treatments at p<0.05).

Difethialone in Hawks and a Fox in San Francisco

In San Francisco’s Golden Gate Park, 4 hawks and a fox appear to have been affected by
“ingesting rats poisoned by difethialone that was used to control rodents in the park.” Three of
the hawks and the fox are believed to have died as a result of ingestion. The forth hawk was sent
to a wildlife rehabilitation center for treatment and was released (Kay (2007a) and Kay (2007b)).
The laboratory and necropsy data were not available for analysis.

Summary

These data indicate that reptiles and amphibians, and fetuses and newly born/ hatched animals
may also be impacted by anticoagulant rodenticides. The data indicate that rodenticides are able
to pass the placental barrier.
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Appendix I11: Fishers and Badgers in California
DPR recently received data from the analysis of 64 mustelids (fishers and badgers) in California.

Analysis
The data were collected between 2005 and 2011, and came from Gabriel et al (2012a) and Quinn
et al (2012). The analysis includes data on 58 fishers and six badgers.

The livers of each animal were analyzed for seven anticoagulant rodenticides. The animals were
analyzed for first generation anticoagulant rodenticides - chlorophacinone, coumachlor,
diphacinone, and warfarin-- and second generation anticoagulant rodenticides -- brodifacoum,
bromadiolone, and difethialone.

Of the 64 non-target animals analyzed, 75.0% had residues of at least one second generation
anticoagulant rodenticide. Brodifacoum residues were found in approximately 73% of the
animals, bromadiolone residues were found in approximately 30% of the animals, and
difethialone residues were found in approximately 2% of the animals. Table 1 summarizes the
results.

Table 1. Number (and percent) of the rodenticides among fishers and badgers (n=64) and among
positive fishers and badgers (n=50)'.

Total Number Second Generation Anticoagulant Rodenticides | First Generation Anticoagulant Rodenticides
Samples 64 48 (75.0%) >8 (>12.5%)
Positives 50 48 (96.0%) >8 (>16.0%)
Total Number Brodifacoum | Bromadiolone | Difethialone | Chlorophacinone | Diphacinone | Warfarin
Samples 64 47 (73.4%) 19 (29.7%) 1 (1.6%) 4 (6.3%) 8 (12.5%) 1 (1.6%)
Positives 50 47 (94.0%) 19 (38.0%) 1 (2.0%) 4 (8.0%) 8 (16.0%) 1 (2.0%)

1. Animals may be positive for more than one rodenticide.

Necropsies
Out of the 64 animals analyzed for rodenticides, 58 had necropsies conducted at the California

Animal Health and Food Safety Laboratory System (CAHFS) or the Veterinary Medical
Teaching Hospital (VMTH), both part of the University of California at Davis located in Davis,
California.

A summary of 4 (6.9%) fisher necropsies, where the fishers were most likely killed by
anticoagulant rodenticides between 2009 and 2011, were included in the article (Gabriel et al
(2012a)). The 4 animals included 2 from the Sierra Nevada population and 2 from the Northern
population. Of the 4 animals that most likely died due to anticoagulant rodenticide toxicity, 1 had
residues of brodifacoum and chlorophacinone and 3 had residues of bromadiolone and
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brodifacoum. All 4 had detectable levels of brodifacoum, with the levels ranging from 0.04 to
0.61 ppm.

Location & Land Use

The fishers and badgers came from ten different California counties, including Fresno,
Humboldt, Los Angeles, Madera, Mariposa, Monterey, Shasta, Siskiyou, Tehama, and Trinity.
The data indicate that fishers and badgers found in rural/agricultural, as well as those found in
nature preserves/National Forests, were positive for anticoagulant residues.

Fishers are a candidate for listing under the federal Endangered Species Act in California. They
are a medium-sized mammal in the mustelid (weasel) family. They are omnivores, consuming a
wide variety of prey (such as rabbits, mice, squirrels, reptiles, amphibians, insects, porcupines,
and carrion), as well as fruit, berries, and plants. In California, fishers “are dependent on mid to
late-serial stage coniferous and hardwood forests’ and often inhabit lands associated with a lack
of humans. Gabriel et al (2012) used spacial analysis and found that exposure was widespread
and not isolated to areas of known human activity. They came to the conclusion that a “likely
source of AR exposure to fishers is... illegal marijuana cultivation.” This was supported by
spacial analysis, the timing of the mortalities, and raids in areas surrounding the mortalities
(Gabriel et al (2012a), Gurrola (2010), and USDA Forest Service (2011)).

The population of the fishers in the Sierra Nevada is estimated to be 150 to 300 individuals.
There is no natural movement to or from the Sierra Nevada population to other populations
(including the Northern California population), so individuals are gained through birth and lost
through death. Forty (40) animals were analyzed from the southern Sierra Nevada population. Of
these, 33 (82.5%) of the fishers were exposed to anticoagulant rodenticides, 32 (80.0%) were
exposed to brodifacoum, 14 (35%) were exposed to bromadiolone, and 1 was exposed to
difethialone. Two (5%) of the fishers died due to second generation anticoagulant rodenticide
toxicity.

American badgers are primarily carnivorous, preferring to eat small burrowing mammals such as
moles, ground squirrels, rats, mice, and gophers. They live in open areas (i.e., not forests or
urban areas), including grasslands, parks, and farms. Data indicate that 4 of the 6 badgers were
positive for second generation anticoagulant rodenticides, including 3 (50.0%) which were
positive for brodifacoum, 3 (50.0%) which were positive for bromadiolone and 2 (33.3%) which
were positive for both brodifacoum and bromadiolone.

Summary

These data further support DPR’s assertion that exposure and toxicity to non-target wildlife from
second generation anticoagulant rodenticides is a statewide problem, and that the use of second
generation rodenticides presents a hazard related to persistent residues in target animals resulting
in impacts to non-target wildlife.
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